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International Refrigerated Centrifuge 


Centrifugation under controlled tempera- 
tures at or well below 0° we offers new possi- 
bilities to the biochemist. The cancer program 
—virus investigations— poliomyelitis research 
—enzyme research —low temperature solvent 
fractionation—all have benefited by the use of 
this new research tool. Countless other appli- 
cations are waiting the guidance of the research 


scientist. 


The International Portable Refrigerated 
Centrifuge, Model PR.-1, is now equipped 


with a larger capacity compressor. Centrifuge 
speeds and capacities remain unchanged, but 
much lower controlled temperatures are now 
possible. For example, with six 100 mil. tubes 
at 5000 r.p.m., temperatures as low as -lo 


can be maintained; with four 250 ml. 


bottles at 2600 r.p.m., 8° ae with four 
25 ml, tubes at 18,000 r.p.m., ort. 
Here is a scientifically designed om ' 


instrument definitely worth investigating. 


Write for descriptive Bulletin RC, 1949. 


INTERNATIONAL EQUIPMENT COMPANY 


Boston 35, Massachusetts 
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Quantitative Inferences concerning the Genetic 
Effects of Radiation on Human Beings 


Robley D. Evans, Department of Physics 
Massachusetts Institute of Technology, Cambridge 


N 1927 H. J. MULLER showed that the natural 
rate of appearance of new mutations in the fruit 
fly could be increased by irradiation with X-rays 

(22). Similarly, mutations have been produced in 
many other organisms, including plants such as corn, 
barley, and beans, by acute and by chronic irradiation. 
These observations have stimulated much speculation 
with regard to their applicability to mammalian forms 
and especially to man. 

Lorenz and Heston (20) found that mice bred from 
five to six generations while continuously exposed, 24 
hours a day, to 1.1 r and 0.11 r of radium gamma 
radiation’ showed no damage to chromosomes, as evi- 
denced by normal litter size and apparently normal 
life span. Deringer et al. (7) exposed mice chron- 
ically 8 or 24 hours a day to 8.8 ror 44r. Total 
accumulated doses were for females 770 r and 880 r, 
and for males 1,100 r. No evidence for the produe- 
tion of visible genetic changes was obtained in the im- 
mediate offspring of mice thus irradiated. No evi- 
dence was found for the production of chromosome 
translocations in tests of the offspring of male mice 
exposed to a total dose of 1,100 r at the rate of 8.8 r 
given for 8 hours a day, nor in the offspring of female 
mice which received a total dose of 770 r at the rate 
of 8.8 r given 24 hours a day. 

Hertwig (14, 15) demonstrated the production of 

four recessive gene mutations. Of these, two were 
produced in the offspring of male mice mated im- 
mediately after irradiation (irradiation of mature 
sperm), and resulted in retarded growth. The second 
two were produced in offspring of male mice mated 
alter recovery from a period of temporary sterility 
following irradiation (irradiation of spermatogonia, 
or sperm-forming ¢ells). They produced anemia and 
oligodaetylism. 
The acute dose in Hertwig’s cases was 1,500 r of 
Xrays to the testes (10), the rest of the body being 
shielded to prevent death from whole body irradiation. 
The mutations were discovered by breeding the sons 
of the irradiated males to their own daughters. If 
the entire body had been irradiated at the dosage rate 
used locally in this experiment it would have re- 
‘elved more than twice a lethal dose. Snell (26) 

‘One 


Produes 
1.6 joy 


roentgen (r) of X radiation or of gamma radiation 
lonization in tissues to an average extent of about 
pairs per cubic micron, or 1.6 x10” ion-pairs per 


cram of tissue 


found that about one-third of the progeny of mice 


whose testes were exposed to acute doses of about 
600 r produced litters of reduced size. This con- 
dition of hereditary “semisterility” is believed to be 
caused by chromosome breakage and translocation (a 
class of chromosomal mutations [10]|), not by gene 
mutation. 

The importance of genetic changes in human beings 
justifies an attempt to extrapolate to man (5, 8) the 
abundant genetic data on the fruit fly, Drosophila 
melanogaster, and on plants. Catcheside especially 
has made commendable contributions toward quantita- 
tive estimations of the possible genetic effects on 
human beings of irradiation. 

In Drosophila melanogaster which has only four 
pairs of chromosomes, genetic studies have led to the 
conclusion that the number of individual genes in each 
long chromosome is of the order of 1,000. We may 
take the set of chromosomes to include some 3,000 
positions for genes. In man the total number of 
genes per gamete is unknown, but since there are 24 
chromosomes, with a total length perhaps 10 to 12 
times that of the four chromosomes of Drosophila 
melanogaster, the total number of genes in man is 
very likely greater than 5,000, and probably lies be- 
tween 10* and 10°. Recent estimates suggest a value 
of (3+1)x10* genes per gamete in man (28). 


SPONTANEOUS GENE MUTATIONS 


In all organisms so far studied, there is a sponta- 
neous gene mutation rate which has an average value 
such that the probability of mutation is of the order 
of 10-> to 10-® per gene per generation and appears 
to be independent of the average life span. Also in 
man the observed spontaneous mutation rate is about 
10-5 per generation for hemophilia (13) and for 
epiloia (11).2 Thus in long-lived organisms the gene 


2 These two diseases happen to be well suited to the calcu- 
lation of mutation rates, and no reason is known for suspect- 
ing that the rates found should be any higher or lower than 
for genes whose mutation rates are now unknown. It is, of 
course, possible that these measured mutation rates in man 
are automatically selected samples of genes which are rela- 
tively more mutable than the average of all genes in man. 
The decision must obviously await the accumulation of quan- 
titative data on other mutations in man. It is interesting 
to note that a value of about 10° per gene per generation 
was found (23) in the Italian population of Rochester, New 
York, for the mutation causing thalassemia, a disease which 
appears to be found predominantly in persons of Mediter- 
ranean derivation. 
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material appears to be somewhat more stable, per unit 
of time. The range of numerical values is easily ex- 
plained on quantum mechanical grounds (25). Ap- 
parently, the chemical activation energy, for an iso- 
meric change in the configuration of the molecule or 
molecules comprising the gene, is slightly greater for 
the genes of long-lived animals. Small differences 
in this activation energy (which is of the order of 1 
to 2 electron volts) ean account for differences of sev- 
eral millionfold in the mean life of a gene configura- 
tion. Thus the observation that the average sponta- 
neous mutation rate is of the order of 10-° per gene 
per generation, regardless of life span, is experi- 
mentally and theoretically acceptable. 

If there are N genes per gamete, and if the average 
probability of a spontaneous recessive mutation is 
a=10-° per gene per generation, then aN is the mean 
number of new recessive mutations per gamete per 
generation. It has been estimated (5) that seriously 
deleterious and lethal mutations constitute perhaps 
one-quarter or less of the spontaneous mutations, and 
that minor recessive mutations predominate. In the 
long run, the extremely unfavorable mutations leading 
to hereditary abnormalities are almost wiped out by 
natural selection. The recessive mutations become 
distributed in the population of succeeding genera- 
tions, and appear in an individual only if both parents 
carry the same recessive mutation. 

The generation time for man is about 25 years, or 
40 generations in 1,000 years. Thus there has been a 
long accumulation of recessive mutations, and each 
individual carries far more mutated genes than have 
arisen through mutation in his own generation. Be- 
cause of relatively recent social changes such as the 
industrial revolution, the human population is not in 
genetic equilibrium (12). The persistence (12, 16) 
of any particular recessive mutation in the population 
will depend on the degree of inbreeding in the popula- 
tion, loss of particularly unfit mutants by natural se- 
lection, loss by reverse mutations or second mutations 
of the same gene, and interbreeding of semi-isolated 
population groups. Because genetic equilibrium be- 
tween mutation and selection cannot be assumed for 
the slightly deleterious mutants, it seems reasonable 
to assume, somewhat arbitrarily, that at least m=50 
times as many recessive mutations have been acecumu- 
lated in the population as are produced by spon- 
taneous mutation in each generation. Then if aN is 
the spontaneous mutation rate per generation, and 
m is the accumulation factor, the average number of 
recessive mutant genes per germ cell of each member 
of the population may be written as n=m-aN. As- 
suming, tentatively, that m=50, we have n=50- aN. 


, 


If a particular sperm cell contains n, recessive jy, 


tations distributed randomly among N genes, the’ 


the chance that a particular designated geno carrig, 
a recessive modification is n,/N. Similarly if an oyyy 
carries n, recessives, the chance that the same desiy. 
nated gene carries a recessive mutation is n/N. Th 
chance of coincidence, in the union of these two gay, 
etes, is then (”,/N)(n,/N) for the particular desig. 
nated gene. Because there are N genes altogether jy 
each gamete, the chance of observing a coincidence of 
any two recessives in any of these N genes is they 
(n,/N)(n./N)N =n,n,./N. Then the statistical chan 
of the occurrence of a hereditary abnormality 9 
anomaly due to the coincidence of two recessive 1). 
tations is Cy)=n,n,./N. If we assume n, =n, = maN- 
(50x 10-5)N, and that N is as large as 10°, they 
C, = (2.5 x 10-7) N = 0.025 is the estimated fraction of 
all births? in which some sort of recessive modification 
may be expected to appear visibly in the progeny. 


RADIATION-INDUCED GENE MUTATIONS 


The mutations that can be induced by X-ray, 
gamma-rays, or ultraviolet light in a variety of or. 
ganisms are not novel types of changes, but are sin- 
ilar to the mutations that oceur spontaneously. Tle 
number of mutations produced is simply increased by 

_ the irradiation. Radiation-induced recessive muts- 
\tions ean be identical with spontaneous mutations i 
an unirradiated individual. A gene mutation that ha: 


occurred spontaneously or that has been produced by 


radiation (e.g., a—>a’), ean return to the original, 


or “wild type” (a’ >a), spontaneously or as a rr 
sult of irradiation of the progeny, although the sti- 
tistical chance of this happening is low. 

Although most of the spontaneous and the radia 
tion-induced mutations are undesirable, a few are #- 
vantageous. For example, the present high comuet- 
cial yields of penicillin are due in part to the exelusit 
use of high yield strains of Penicillium, selected fro! 
a large number of radiation-induced mutants of tlt 
‘naturally oceurring parent mold (1-3, 6, 17, 24). 
course, this high yield is beneficial to us, but it bi 
not been proved rigorously that it is beneficial to tht 
Penicillium. 

In Drosophila melanogaster, gene mutations in ‘lt 
X-chromosome of mature sperm have (5) an avert 
induction rate of about by=3x10-° per gene pt 
roentgen. The mutation induction rate at a partic 
ular gene locus varies by as much as a factor of 9" 
either direction from this average value. Most of ‘lt 

3It has been estimated that 22 percent of all human “” 
ceptions terminate in nonviable offspring (28). This ™ 


cludes all causes of death of the foetus, of which 4? unde: 
termined but presumably small fraction are genetic ¢#™ 
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egsurenents have been accomplished by the use of 


stan snetie techniques especially applicable to the obser- 
then ation of sex-linked lethals, but enough has been done 
tie n sex-linked visible recessives to suggest that the re- 
ot uits are similar. Presumably about the same average 
desig numerical value will also apply to gene mutations in 
The e other chromosomes, although present genetic tech- 
ge iques have led to numerical results only for genes 
desig. cated along the X-chromosome in irradiated sperm. 
her in There are measurable differences in the mutation in- 
“he uction rate in sperm of Drosophila melanogaster 
$ then hich have been irradiated at various stages in the 
hanee process Of spermatogenesis. When immature sperm 
ty o re irradiated at the early spermatogonial stage, the 
d "se umber of visible sex-linked mutations eventually pro- 
eal = luced is only about one-half as great as is found fol- 
then owing the same irradiation dose given to mature 
On! Biverm. The effective ratio of the radiation sensitivity 
cation Me? immature to mature sperm is even smaller (ratio 
” yf about 1:5) for sex-linked lethal mutations. These 
ffeects probably arise because many of the altered 
permatogonia, or immature sperm, fail to survive 
-rays, gporough the process of spermatogenesis and hence 
f or. ever become available as mature sperm (10). 
sit. At radiation rates of 0.6 r/hr and greater, the num- 


The fgmper of sex-linked mutations induced in mature sperm 
ed by HP! Drosophila melanogaster appears to be independent 


muta (gee! dose rate (19), or quantum energy, and to be 
ns it near (27) with total irradiation dosage from 25 r 


at has Mo at least 1,000 r. The assumption is usually made 
ed by fMmbat this constant mutation induction rate per roent- 


ginal, fee? Will hold even at very low dosage rates. Recently, 
a re fowever, experiments have been completed (/) at the 
e sti Mery low dosage rate of 2.5 r/day. Mature sperm of 

he Canton Special strain of Drosophila melanogaster, 
adia- Meeored in the spermatheeae of females of the Muller-5 
eal Mean, Were irradiated with radium gamma- rays at a 
ner Mele Of 2.5 r/day for 21 days, at the end of which 


usive ime the sperm had accumulated a total dose of 52.5 r. 
frow Mee he progeny resulting from subsequent fertilization 
f the MBPY these aged and irradiated sperm showed an unex- 
({ Mgpectedly small number of mutations, and indeed was 

t has fEeOt significantly different statistically from that of 
o the Me"Irradiated controls. The number of sperm tested 
‘as such that the probability is less than one percent 

n the hat the result is merely a chance deviation from the 
prage le of proportionality between total dosage and the 
_ pe MP Unber of induced mutations. The possibility there- 
artic: #PO’e exists that the genetic effects per roentgen may 
5 in Mae less at very low dosage rates than the effects pre- 
f the Mn Ously observed at higher dosage rates, where repair 
ov fe. T8COVery of the gene material has not been ob- 


= sFTV A. 7) ° 
is. it 'ved. Further experiments at low dosage rates are 
unde: 


ptpse? 


jee r ; . . . . e 
eded io answer this question, since it has an im- 





portant bearing on the “‘point-hit theory” of radiation 
effects and on the extrapolation of data to the case 
of men who are occupationally exposed to radiation at 
very low dosage rates. "7 

In more recent studies (27) of the Canton Special 
strain of Drosophila melanogaster it required a dose 
of about 50 r to mature sperm in order to double the 
number of new sex-linked visible and lethal mutations. 
In these observations the spontaneous mutation rate 
for sex-linked lethals is 0.0010, while the induced rate 
is 0.00002 per r. Writing Ny for the number of gene 
loci on the X-chromosome, we have ayNy/byNy= 
().0010/0.00002 = 50 r to double the spontaneous mu- 
tation rate. If Ny is about 1,000, the spontaneous 
mutation rate would be about ay =10-° per gene per 
generation, and the induced mutation rate would be 
about by =2x10-* per gene per roentgen, for this 
strain under the particular cultural conditions of this 
experiment. 

Quantitative observations of the rate of induetion 
of mutations by radiation have been made in a vari- 
ety of organisms, including Drosophila, tobacco mosaic 
virus, and bacteria. The results are remarkably sim- 
ilar. Because sueh widely different organisms as Dro- 
sophila, virus, and bacteria exhibit substantially the 
same rate of induced mutation per roentgen, it is 
usually assumed that about the same average numer- 
ical value, b=3x10-% per gene per roentgen, may 
also hold for induced mutations in mature germ eells 
in man. 

In man, mature sperm have a fertile life span of 
about seven weeks (10) but the relative sensitivity 
of sperm and eggs at various developmental stages is 
unknown. We may represent the time average of the 
relative radiation sensitivity of immature sperm and 
eggs in man by k, as compared with the relative sensi- 
tivity k=1 for mature gametes. For low level radia- 
tion continued over a time which is long compared 
with seven weeks, 
unity for the male, but substantially unity for the 
female. If these factors could be evaluated numeri- 
‘ally for man, then in the equations and computations 
which are to follow one would replace the radiation 


may be significantly less than 


sensitivity, b per gene per roentgen, by the smaller 
quantities k,b for males and k,b for females. Beeause 
of the large uncertainty in the currently available nu- 
merical estimates of k, we would hardly be justified 
in carrying this refinement into the ealeulations. So 
in what follows we shall use the maximum values 
k, =k, =1, thereby assuming that immature sperm and 
eggs have as great a radiation sensitivity as mature 
gametes. We will therefore overestimate the genetie 
effeets of chronic irradiation, insofar as this Aicsoed 
lar factor is concerned. 
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Ratio OF INDUCED TO SPONTANEOUS MUTATIONS 


It is interesting to note that cosmic radiation and 
| local gamma radiation, totaling about 0.3 mr per day, 
| are entirely inadequate to account for the natural 
spontaneous gene mutation rate. Even in a long- 
lived organism such as man, the dosage from natural 
sources of radiation amounts to only about 0.1 r per 
year, less than 3 r between birth and the average 
childbearing age. Such a small amount of radiation 
would give only about 3b = 9 x 10-* mutations per gene 
per generation, whereas the few observed spontaneous 
human rates of a=10-° per gene per generation are 
more than 100 times as large. 

We see that a total dosage of the order of aN/kbN = 
10-°/3 x 10-§=300r per generation is required to 
bring the induced rate up to equality with the natural 
rate of mutation per generation. 
dosage of about 300 r per individual per generation 


would be required to double the natural rate of ap-) 
pearance of new gene mutations per generation. If) 
we chose a lower numerical value for the spontaneous| 
mutation rate, say a=3 x 10-°, the rate-doubling dose | 


a/b would become about 100 r, provided k=1. 

A radiation worker whose whole-body dosage, and 
hence gonadal dosage, is limited to 0.1 r per working 
day, as is now the practice in the United States, could 
at most receive 0.5 r in a five-day week, or 25 ra year, 
or 250 r in a 10-year working period before childbear- 
ing. Actually, the daily average radiation dose per 
worker will fall far below this maximum because on 
‘many days an individual’s dose will be much less 
than the maximum permitted value of 0.1 r. For ex- 
ample, the average daily dose at installations like the 
Hanford Engineer Works and the Oak Ridge Na- 
tional Laboratory is about 0.005 r. Only rarely does 
Thus 


| any individual receive the maximum 0.1 r dose. 
the average 10-year dose, at 0.005 r per day, is only 
about 20 r for these groups. 


In the notation introduced earlier, we may write 
that the number n, of recessive mutants transmitted in 
an individual’s germ cells will be the sum of the ac- 
cumulated naturally occurring mutants, maN, plus the 
induced mutants, kb DN, where D is the dose in roent- 
gens which before he has 


this individual receives 


Thus: 
n,=maN+kbDN 


Writing n, = maN for the naturally occurring mutants, 
and f, for the ratio of the new total n, to the unir- 
radiated total n,, we have: 


children. 


kbD 
f, =n,/n, = (maN + kbDN)/maN = 1+ we 
If the numerical values developed earlier turn out to 


be approximately correct for man, then with b= 


' radiated. 
'and unirradiated spouse (m,=Mm ), the statistic, 
_ chance of an inherited anomaly due to recessive gen 


Thus an average | 


3x 10° per gene per r, a= 10-° per gene per gene, 
tion, an accumulation factor of m=50, and the yu, 
tive radiation sensitivity of immature to mature gain 
etes k=1, we have: 
f,=1+(6x10-5)D 

Thus a radiation worker who received D = 250 r bef, 
having children will have f,=1+0.015, and i, 
/1.015n,, or 1.5 percent more mutants than if ij 
If he then has children by an unrelajes 


mutations is: C=n,n,/N = (1.015n))n)/N = 1.0150, 


or only 1.5 percent greater than the normal chance 0, 


The occurrence of inherited anomalies in the fir 


/ 


/generation offspring due to dominant mutations jy 
/ duced in one parent by radiation is more diffieult tg 


estimate numerically because of the lack of numeric 
data, but may be the more important hazard. Her 
the accumulation factor, m’, will be smaller and wil 
depend more strongly on the degree of unfitness con 
ferred by the particular mutant. The degree of dom 
inance (or “penetrance’”’) of the mutant will affect it 
visibility as well as its accumulation. For the sake of 
estimating an order of magnitude, we might make 


some rough assumptions. If the ratio of induced to 


| spontaneous dominant mutations, (b’/a’) is the samé 


as (b/a) for recessive mutations, and if the penetrance 
is taken at its maximum value of unity, and the fit 


/ ness taken such that the accumulation is about m’=3 
then the ratio, f’ of indueed to spontaneous dominan 
mutant genes per gamete would be very approx: 


mately : 
~— f’ = (m’a’N + kb’DN)/m/’a’N 
=1+kb’D/m’a’ ~ 1+ k(b/a)D/m’ 
1+1x(3 x 10-8/10-°) D/3 ~ 1+ 10°°D, 


or about 1.25 for D=250 r. That is, if the pene- 
trance is unity, then the statistical chance of the 4p- 
pearance of a dominant anomaly in the first gener 
tion offspring would be increased by about 25 percetl 
over the chance of the same anomaly’s occurring 
spontaneously. It is interesting to note that the 
medical literature already contains reports of we 
2,250 cases of women whose ovaries were treated with 
X-rays (mostly 50 to 100 r, for various gynecological 


conditions) and that no anomalies definitely attrib- 


utable to radiation have been observed in their sub- 
sequent offspring (9, 10, 18, 21). The offspring would 
show dominants, if present, and male offspring would 
show sex-linked if present.  [fowevely 
other recessives would not be visible in the first gene” 
ation offspring. 

The natural rate of congenital anomalies “> 


° ° bi a c As 
small, and is already influenced by such factors ‘ 
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Sener, 
the rel 


nutrition, consanguineous marriages, and socio-eco- 
pomie shifts. Therefore, many eugenists and geneti- 
ists feel that no significant eugenic harm would be 
ine by the additional factor of radiation, provided 
hat radiation doses to the general population were 
onfined to values that would not more than double 


r bef 
nd nh, 
if Wir 
nrelate4 
atisties 


, within the foreseeable future. Whereas we see 
hat the effects in the first generation progeny are 
mall, we must also consider the accumulated effects 
nf recessive mutations over, say, 2,000 years. Because 


ve gen he induced mutations are similar to the natural mu- 


L.0150, 
ince (), 
he firg 
Ons in 
leult tg 
meriea 
Herg 
nd wil 


ations, and because genetie equilibrium cannot be 
ssumed, we should use the same acewmulation faetor, 
for the ratio of the accumulated induced mutations 
present after many generations to the new induced 
mutations per generation. Dealing now with popula- 
jon averages, and assuming equal average irradiation 


for both sexes, we have after many generations : 


n, =n, =maN + mkbD,N 
SS Con =n,(1+kbD,/a) 
f com 
fect it 
sake of 
t make 


need ta 
© samagmmore than doubled, then 


where D, is the average, over all individuals of both 
exes, Of the number of roentgens to the gonads per 
generation up to the end of the childbearing period. 
If we require that the congenital anomalies be no 


ptraned n,n, 

the fit C N 1 kbD, \? 
: = =(1+ “ot 

m’ =3 Ue Bela a 

minant N 


)proxl- hence : ] + kbD, ‘a ~ V2. 


It is to be noted that this general result, for the con- 

dition after many generations, is independent of the 

accumulation factor m, and that the genetically per- 

nissible average dose D, depends only on the average 
pene-Maspontaneous mutation rate a, and the average in- 
he ap-@iidueed mutation rate b. Again assuming a= 10-5 per 
eneri-magene per generation, k=1, and b=3.x10-° per gene 
ercenlaper roenteen, we find: 


urring - i svieha 

th 1=(V2-1)(a/kb) 

an = 0.414 x 10-°/3 x 10-8 

over 

1 with = 140 roentgens. 

ogical MM Since the dose D, deals with population averages 








att rib- 
r sub- 


(both men and women) and is the mean dose per head, 
D,=140r could be realized by 100 percent of the 
would population receiving 140 r, or 50 percent receiving 
280 r, or 10 pereent receiving 1400 r, ete. If, for ex- 


ample, as many as five pereent of the total population 


would 
vever, 


ener: Me ecelved an average dose of 280 r before childbearing, 


| then the average dose to the entire population would 
0, SHMMbe 0.05 x 280 =14 r, and the eventual fractional in- 


s as (Teas P . ‘ . ° 
rs 2 tease (after, say, 2,000 years) in congenital anoma- 
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lies due to radiation could be expected to be about: 
C/C, = (1+3 x 10-8 x 14/10-5)? 
= (1+ 0.041)? 
= 1.08 


or only eight pereent greater than the spontaneous 
rate in a similar unirradiated population. If we as- 
sume a smaller value for the spontaneous mutation 
rate, say, a2=3x10-*, then for C/C,=2, the average 
dose per head per generation becomes D, = 42 r, while 
an average dose of D,=14r would give only C/C,= 
(1 + 0.14)? = 1.30, or 30 percent greater than the spon- 
taneous rate in a similar unirradiated population. 
Conventional equilibrium theory. In a statistically 
large population, it is well known (e.g., Hogben, 16, 
p. 195) that if s is the fraetional reduction of net fer- 
tility in individuals who are homozygous with respect 
to a particular recessive mutant, then when genetic 
equilibrium between selection pressure and mutation 
pressure is reached, the gene frequency of this reces- 


a 


sive will be \/a/s. Thus in our notation, ma=\/a/s, 





or m=V/l1/as for spontaneous mutations, while 





ma+mbkD=\/a+bkD)/s for the sum of the spon- 


taneous and the induced mutations. However, if the 
selection coefficient, s, is small, as is probable for 
many of the minor recessive mutations, then constant 
conditions over a period of many thousand genera- 
tions are required before genetic equilibrium with 
respect to such genes is closely approached (e.g., Hog- 
ben, 16, p. 143). Even so, this standard treatment in 
the existing mathematical theory of genetics neglects 
reverse mutations or seeond mutations of the same 
gene, inbreeding, statistical fluctuations in partially 
isolated population groups of finite size (29), and 
population shifts which result in interbreeding be- 
tween population groups. 

It may be worth while to note what could be de- 
dueed for human populations, if it were permissible to 
assume genetic equilibrium. The effeetive aceumula- 
tion factor m=1 as for minor recessive mutations 
might then be of the order of magnitude of 1,000 or 
more after many thousand generations of constant 
conditions. This would reduce our estimate of the 
first generation effects by a factor of 1,000/50 = 20 
or more, and suggests that our estimate of m= 50 for 
the nonequilibrium ease may even be unduly conserva- 
tive. After thousands of generations of exposure to 
D,r per generation, the new equilibrium mutant gene 
frequency per gene locus would be \/ (a+kbD,/s, and 
the ratio C/C, of birth anomalies in irradiated and 
unirradiated populations would become (a+ kbD,)/a= 





(1+kbD,/a), instead of the square of this quantity, 
as derived for the nonequilibrium ease. Thus again, 
the numerical estimates made on the nonequilibrium, 
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or square-law model, appear to lie well on the con- 
servative side. 

Many simplifications of known genetic facts have 
had to be made in arriving at these numerical values 
but the analytical form and the general order of mag- 
nitude of the results should not have been altered 
thereby. Certainly the gradual accretion of knowl- 
edge in cytogenetics will permit future refinements in 
such calculations. Although one cannot be dogmatic 
where extrapolations of data are involved, it does 
seem highly improbable that any detectable increase 
in hereditary abnormalities will result, even after 
many generations, from daily radiation doses up to 
0.1 r per day given to a small fraction of the popu- 
lation. 

To review the genetic concepts and experiments 
most pertinent to the question of mutations induced 
by radiation: For a variety of organisms, the prob- 
ability of a spontaneous gene mutation is of the order 
of 10-° to 10-® per gene per generation, and is sub- 
stantially independent of the life span. Experiments 
on several types of organisms have shown that irradi- 
ation can produce gene mutations. These induced 
mutations are not novel types, but appear to be 
entirely similar to those which oceur spontaneously. 
When the irradiation is carried out at a rate of 0.6 
roentgens per hour, or higher, the average probability 
of inducing a gene mutation is about 3x 10-* per 
gene per roentgen. The spontaneous mutation rate is 
therefore very much higher than could be expected 
as a result of the cosmic radiation and local gamma 
radiation (0.3 mr/day) and is therefore due to other 


eauses than irradiation. When the irradiation of ex- 
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perimental organisms is carried out at a low pa 
(order of 1 to 8 roentgens per day) no indyeg 
mutations have yet been observed in the organism 
studied (fruit fly, mouse). This suggests that th 
effective average radiation sensitivity of immatyy 
sperm and eggs may be less than the sensitivity , 
mature sperm and eggs. Dominant mutations ail 
become visible in the first generation offspring, R, 
cessive mutations may appear only in homozygou 
individuals of a later generation, and therefore re 
cessive mutations accumulate in the population ag 
result of both spontaneous- and induced mutations 
From the appropriate mathematical theory, and th 
experimental data now available, it seems safe enough 
to conclude that no detectable increase in hereditary 
abnormalities is likely to result, even after many gen 
erations, if a small fraction of the population receive 
daily radiation doses up to 0.1 roentgen per day. 


| This article is based on a manuscript prepared for ¢ 
‘*Symposium on Certain Aspects of Atomic Warfare,’ 
held under the auspiccs of The Commandant First Nava 
District at the Harvard Medical School, October 15, 1948 
Preparation of the paper was assisted in part by the 
joint program of the Office of Naval Research and th 
Atomic Energy Commission, and by a grant-in-aid fro 
the National Institutes of Health. 
record my indebtedness to Professor Charles H. Blak 
of the Massachusetts Institute of Technology for manj 
stimulating conversations on genetic questions, and t 
Professor Donald R. Charles, of the University of Roch 
ester, Dr. D. G. Catcheside, of Trinity College, Cam 
bridge, England, and Dr. L. H. Gray, of Hammersmith 
Hospital, London, England, for their kindness in criti 
cizing the original draft of the manuscript. | 


It is a pleasure 
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nif Neomycin, a New Antibiotic Active against Streptomycin- 
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HE ISOLATION OF STREPTOMYCIN from 


as § ; ; fe 
two strains of an actinomyces identified as 


tions 
d th 


oOugy 


Streptomyces griseus, was reported (8) from 
this laboratory five years ago. This was later fol- 
itera owed by announcements that this antibiotic is highly 
pen effective against the tuberculosis organism (9), that 
ceive it is active im vivo against a variety of pathogenic 
bacteria, and that it is not very toxie to animals (7). 


The ability of streptomycin to control experimental 


for @ hereulosis was soon established (2). Within less 
are," than a year after the isolation of streptomycin had 
cad heen reported, its effectiveness upon certain forms of 
al human tubereulosis was demonstrated (3). Thus, for 
F tha the first time in the history of human tuberculosis, a 
fro drug was found which could be used im the treatment 
re tam of tuberculosis by means of chemotherapeutic agents 
Blakefm and which pointed to the possibility of finally eradi- 
man@™ cating the “white plague” of man. 

nd t 


Streptomycin has, however, certain important limi- 
Roch 


Cam 


tations, chief among which are (a) its neurotoxic 
all potentialities, and (b) the development of resistance 
call anong the infectious organisms upon its prolonged 
idministration. Reeent experiments (4) seem to indi- 
cate that the toxie reactions can apparently be over- 
come, at least partly, by the use of dihydrostrepto- 
She vein, a reduced form of streptomycin. The problem 
of development of resistance remains, therefore, as 
the major limitation of this antibiotie, especially in 
vet (Ue treatment of tuberculosis. 


The possibility of isolating or synthesizing new com- 


oa pounds that would be effective against the strepto- 
nycin-resistant strains of bacteria suggested itself. 
Various reports indieated that certain synthetie com- 
pounds such as the sulfones and para-aminosalicylie 
vila “id, and various antibioties such as different forms 


_* Paper of the Journal Series, New Jersey Agricultural 

3, 43 Experiment Station, Rutgers University-The State Univer- 
‘ity of New Jersey. Department of Microbiology. This work 
a8 Supported by a grant from the Rutgers Research and 

Julia Endowment Foundation. 
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With S0tae of the investigations reported here; also to Mr. J. 
Frankel of this laboratory, and Mr. O. Graessle, of the Merck 
om of Therapeutic Research, for assisting with the in 
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inl Resistant Bacteria, including Tuberculosis Organisms’ 


atun selman A. Waksman and Hubert A. Lechevalier? 


of streptothricin (5) and aureomycin (1) might prove 
to possess such properties. Although the results ob- 
tained thus far in some of the preliminary investiga- 
tions with these substances are highly encouraging, 
they still appear to be inconclusive. We do not yet 
know whether or not any of these would serve to re- 
place streptomycin, completely or partly, or to sup- 
plement it on more than a very limited scale. They 
may not be sufficiently active against the bacteria, or 
they may be toxic to animals and man, or they may 
lack stability, or have some other limitations. 

In connection with the studies on the production of 
antibiotic substances by microorganisms, carried out 
in our own laboratories since 1939, many thousands of 
cultures, mostly actinomyeetes belonging to the genus 
Streptomyces, were isolated from soils, composts, 
peats, and other natural substrates and tested for 
their activity against different bacteria; emphasis has 
been laid, in reeent years, upon the mycobacteria. 
Surprisingly enough, a large number of the organisms 
thus isolated were found to possess considerable 
activity against Mycobacterium tuberculosis. Unfor- 
tunately, only a very few of the antibiotics produced 
by these organisms proved to be suitable chemothera- 
peutic agents, because of various limitations, some of 
which were just mentioned. The fact that numerous 
strains and species of Streptomyces possess the 
capacity to inhibit the growth of mycobacteria, how- 
ever, and even to produce active antitubereulosis com- 
pounds, and the fact that one of these, streptomycin, 
already had found practical application as a chemo- 
therapeutic agent, offered the hope that sooner or 
later other substances would be found that might be 
even better. In search for new compounds, partieu- 
lar attention was paid to those that would be effee- 
tive against streptomycin-resistant bacteria, notably 
against the streptomycin-resistant strains of M. tuber- 
culosis. The discovery of such an agent, designated 
as neomycin, is reported here. 

The organism producing neomyein was isolated 
from the soil. It is somewhat related to a culture 
isolated from the soil in 1915 by Waksman and Curtis 
(10) and designated as Actinomyces fradii (now 
listed in Bergey’s Manual as Streptomyces fradiae). 
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When the newly isolated culture was grown in various 
media containing a source of nitrogen (peptone, meat 
extract), a carbohydrate (glucose), and salt (NaCl), 


TABLE 1 


ANTIBACTERIAL ACTIVITY OF CULTURE FILTRATE 
CONTAINING NEOMYCIN 





Units of activity in 1 ml of broth 





Test organism 





Incubation* Incubation* 

3 days 5 days 
Escherichia coli ....... 60 100 
Bacillus subtilis ....... 350 1,000 
pS ae a ae 330 400 
Staphylococcus aureus .. 330 330 
Mycobacterium 607 .... 330 1,000 
BIG ais kw e's sea 330 1,000 
a NO. 3s & bad.c mares 200 600 
1s while cca ks oe 330 1,000 





* Shaken cultures incubated at 28° C. 


it was found to produce neomyein under both station- 
ary and submerged conditions of eulture. The anti- 
biotie can easily be removed from the culture medium 
and concentrated by the methods of adsorption and 
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2. The antibiotic spectrum of the crude neomycin js 
quite distinct from that of streptomycin, on the a 
hand, and of streptothricin, on the other. 


TABLE 3 


EFFECT OF NEOMYCIN UPON THE GROWTH OF Dirryppy, 
STRAINS OF M. tuberculosis IN DuBos Mepivy+ 


Growth inhibi- 


Test organism 
tion units/ml 


I es te ie ee ies ot ME ed 4.0 


M 

re sa oh in eles és ds % 4.0 

M. tuberculosis H87Rvt ......... 0.1 

M. tuberculosis H37RvRt ........ 0.2 

M. tuberculosis H@87TRv .......... 0.5—1.0 
M. tuberculosis H87RVR ......... 1.0 
Mycrobacterium GOT ..........22. 0.1 
Mycrobacterium 607R ........... 0.25 





* Incubation at 387°/C for 14 days. 
* This particular test was made in another laboratory 
t R=streptomycin-resistant strain. 


Neomycin preparations were found to possess sev. 
eral desirable properties, which fully justified a more 
detailed study of this antibiotic: (1) similar aetivity 


TABLE 2 


ANTIBIOTIC SPECTRUM OF CRUDE NEOMYCIN, AS COMPARED TO THAT OF CRUDE 
STREPTOMYCIN AND STREPTOTHRICIN 








Dilution units per gm required to inhibit growth of test organisms 





Test organism Siiniitlastiich 


Neomycin 





150,000-—750,000 


Streptomycin*® Streptothricin’ 





125,000 


| ee se EP E778 Re 8 og A 125,000 
SRO fi ona ii, Lede nnpen's  8o te tea ae 20,000—150,000 20,000 1,000 
B. cereus 20,000— 60,000 30,000 1,000 
8 eee ae i ee Farce 100,000-—250,000 15,000 50,000 
oe 10,000 100,000 87.500 
B. colé SST ..... 25,000 25,000 25,000 
Tye reer rs Cert reek 20,000 0 Active$ 
a Lee ee are) re 2,500 1,000 1,000 
Pr, O6IgGGGts «2.20 200% ‘ 25,000 10,000 12,500 
BoGeeMermers OFSGMINM «.... 2. cece n eves 15,000 0 Active§ 
BOPT GORE WHET OCROONE oc ee cece 20,000 25.000 1,200 
Mycobacterium 607 Sa Lee ed ly eee 80,000—250,000 Active§ Active§ 
BEEING, GTR. ik. 0.8 6 6.5 cri wkee dno sean 50,000—150,000 Inactive Active$ 
Trichophyton mentagrophytes ......... < 300 < 300 Active$ 
CS ENS ae a ge le cece hts Toee es < 300 < 300 Active$ 


* From Shatz, Bugie and Waksman (8). 
7 SS = streptomycin-sensitive. 





elution which have been developed for the isolation 
of streptothricin and streptomycin from their respec- 
tive culture media. 

Neomyein is a basic compound, most active at an 
alkaline reaction. It is soluble in water and in- 


soluble in organic solvents. It is thermostable. It is 


active against numerous Gram-positive and Gram- 
negative bacteria, especially mycobacteria, but not 
against fungi. 


This is brought out in Tables 1 and 





t RS = streptomycin-resistant 
§ Active = activity established in other reports. 


against both streptomycin-sensitive and streptomyell 
resistant bacteria; (2) considerable activity (in som 
eases greater activity than streptomycin) against V* 
rious forms of M. tuberculosis and other mycobacter 
(see Table 3); (3) limited toxicity to animals 
none; (4) activity against various bacteria in 0 
including Gram-positive and Gram-negative organist 
and against both streptomycin-sensitive and streple 
mycin-resistant organisms (see Table 4); (5) lack 
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sistance against neomycin among the organisms 
onsitive to it, or only limited development of such 


resistance. 


TABLE 4 


fyoMPARATIVE ACTIVITIES OF NEOMYCIN AND STREPTOMYCIN 
in Vivo UPON STREPTOMYCIN-SENSITIVE AND 


-RESISTANT 


No. of 
unimals 
. 
embryos 


Treatment 


Staphylococcus aureus 
5 Control 
5 Control 
5 © Streptomycin, 25 ug 
5 Streptomycin, 100 pug 
; Neomycin, 50 units 
3 Neomycin, 200 units 


Salmonella schottmulleri 
5 Control 

D Control 

5 Streptomycin, 100 ug 
5 Streptomycin, 5000 pug 
5 Neomycin, 100 units 

5 Neomycin, 200 units 


Salmonella pullorum 
10+ Control 
10 Control 
10 Neomycin, 100 units 
10 Neomycin, 100 units 


BACTERIA 


Surviving 


‘ : mice or 
Dilution ons 
of bs Percent 
y embryos : 
bacterial é survival 
in days 
culture 





streptomycin-sensitive* 


10°% oo. = 0 
10° a ae 20 
10-8 2s Ss 100 
10% 5 5 5 100 
10% ) a ce 100 
10% 8 8 38 100 


streptomycin-resistant*® 


10° &: o-.@ 0 
10-4 4290 0 
10-8 6 O 0 
10% i 20 
103 5 5 B 100 
10° Fe ee 100 
streptomycin-sensitive 
102 A. fs 0 
10 e-: &-@ 0 
10-2 5 5 5 50 
10 a. 9 90 


* Subeutaneous, single dose; mice used. 
* Inoculation into allantoic cavity, single dose. 


When a 20-hour-old agar eulture of EF. coli was 


l. Duecar, B. M. Ann. N. 
-. FELDMAN, W. H., and H 


suspended in water and plated out in nutrient agar 





containing 5 w or 25 uw of neomycin per ml, no eol- 
onies of E. coli developed out of 22 billion cells, 
after 9 days’ incubation at 28° C. Similar concen- 
trations of streptomycin would usually allow the 
development of a dozen or more bacterial colonies per 
plate. When pieces of agar were removed from the 
plates containing neomycin and inoculated into sterile 
agar plates, only the 5 u/ml plate gave growth from 
some of the pieces, but the 10 u/ml and the 25 u/ml 
plates gave no growth at all, thus pointing to the high 
bactericidal properties of neomycin. When plates 
containing different concentrations of this antibiotic 
were streaked with streptomycin-sensitive, -resistant, 
and -dependent strains of EF. coli (9), the first two 
were sensitive alike to neomycin, and the last did not 
make atiy growth at all. This established further the 
difference in the biological and chemical nature of 
neemyein from streptomyein. 

Broth or agar cultures containing sufficient neo- 
mycin to inhibit the growth of various bacteria were 
incubated for considerable periods of time. No fur- 
ther bacterial development occurred beyond a certain 
initial inhibiting concentration, thus pointing on the 
one hand to the stability of neomycin, as contrasted 
to that of aureomycin, and on the other hand to the 
lack of resistance developed among the sensitive bac- 
teria, as contrasted to streptomycin and especially to 
grisein. 

Since neomycin has not yet been obtained in erystal- 
line form, very little can be said of its chemical na- 
ture. Preliminary results, however, point to its being 
distinctly different chemically from streptothricin and 
from streptomycin. More detailed studies will be pub- 
lished later. 
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Electron Micrographic Observations of 
Tobacco Mosaic Virus in Crude, 
Undiluted Plant Juice* 


Robley C. Williams and Russell L. Steere 


University of Michigan, Ann Arbor 


Several reports have been published (2, 3, 4, 5, 6) of 
electron microscopic studies of the tobacco mosaie virus 
in various degrees of impurity. In no study, however, has 
the infected juice been used in its crude, undiluted form. 
There has always been some degree of treatment, if only 
with distilled water, prior to observation in the electron 
microscope. The published micrographs of the impure 
material are qualitatively similar to those obtained from 
freshly purified material. 

We have recently obtained electron micrographs of a 
wild strain of tobacco mosaic? grown in White Burley 
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up in a micropipette, and a bubble was blown over th 
surface of the specimen screen. The bubble was quickly 
wiped across the screen, and a very thin film of material 
was left behind. This film dried almost instantly, and 
the dried specimen was then shadowed with uraniyy, 
The total elapsed time between expressing the juice anq 
drying the film was about 15 see. 

A typical micrograph from-a 14-day-old infection jg 
shown in Fig. 1. As can be readily seen, the virus parti- 
cles appear in the form of large bundles, or sheaves. 
whose length is roughly 1 to 3 pw, and whose diameter, or 
width, varies greatly but might average 150 my. The 
background appears quite coarse, since it consists of 4] 
of the nonvolatile plant material. Uninfected plants are 
found to exhibit none of these bundle-like forms. The 
size and frequency of the typical forms shown in Fig. | 
increase with the age of the infection, being barely visi. 
ble at 36 hrs after inoculation. 

Fig. 2 illustrates the probable reason why previous 
work with ‘‘erude’’ juice has not exhibited the sheaves 





Fic. 1. Electron micrograph of expressed, crude 
juice of White Burley tobacco leaf infected with a 
wild strain of tobacco mosaic virus. Note the bundle- 
like forms in which the virus is seen. Magnification 
is 30,000 x 


tobacco plants. The specimens for the microscopic ex- 
amination were prepared in this way: A small portion of 
the tobacco leaf was crushed by a round-end glass rod in 
a small glass tube. A drop of expressed juice was picked 

1These results have been orally reported at the recent 
meeting in Toronto of the Electron Microscope Society of 
America and at the Autumn Conference on Electron Micros- 
copy in Cambridge, England. The work is part of a pro- 
gram supported by a grant-in-aid from the American Cancer 
Society, on recommendation of the Committee on Growth of 
the National Research Council. 


2 The initial virus used for propagation in our laboratory 
was kindly furnished by Gerald Oster. 





Fic. 2. Electron micrograph of the same infected 
material as is shown in Fig. 1, except that the dried 
preparation was washed briefly with distilled water. 
Note that the virus particles are now partially dis 
persed in individual rods. Magnification is 30,000» 


of virus particles. The specimen shown in this micro: 
graph was prepared like that in Fig. 2, up to the shadow 
casting, but was then washed with two drops of distilled 
water and allowed to dry. It was then shadowed with 
uranium. 
distilled water is evidently sufficient to bring aout & 


tensive disintegration of the bundles and to cause mal 
‘hed from 
Cli 


° . ith 
Sven such a light and brief treatment wi” 


typical, single particles to become visibly deta 
the larger groups. 

It is well known from observations with th: optics! 
microscope (1) that needle-like forms are found to exist 


* . . . > . seus lv 
in vivo in the hair-cells of an infected plant, pa jeularh 
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when the cell has been slightly injured or treated with 
mild acid. It is entirely possible that what is seen in 6.10 
detail im the electron micrographs is identical with the i 
needle-forms recognized in the optical microscope. 1.2 
The interesting question in connection with these pre- 6.60 -. 
jiminary results is whether the groups of virus particles ; 
ai the exist as such in the intact plant cells, or whether they | 44.4 
quickly form subsequent to the crushing of the cells. If the 
Sige latter is true, they can be considered aggregates of the 
Y, = individual virus particles. But if further work should 41.0 
em show that they exist in the intact cells, then the interest- 
ee and a question will arise as to whether or not the virus 
tion ? bundles represent the geometrical growth pattern of the 719.9 
mM is 
virus. 
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nts are 9 OsTeR, GERALD, and STANLEY, W. M. Brit. J. erp. Path., ~ 

The 1946, 27, 261. | oa 
a 4, SiguRGEIRSSON, T., and STANLEY, W. M. Phytopath., wr 
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heaves ly = 
Infrared Spectra and the Amide Linkage ra + 
% & ina Native Globular Protein = 
1.0} Z 
I. M. Klotz and Patricia Griswo'd 3.05 . 
Department of Chemistry, Northwestern University, | ‘ 
Evanston, Illinois “— 6.55 ) 
, ~ 
The presence of absorption characteristic of amides in o.ab «| 
the 6-4 region of the spectrum has been observed in pro , 5 
teins by several investigators (7, 6, 8) and has frequently ° 
been cited as evidence against the ‘‘eyelol 6’? strueture 0.7F J 
postulated by Wrinech (9) for native protein molecules. bs 
The results reported, however, have been for insoluble, = 
fibrous proteins or for samples in the form of a dried 0.6 - 2 
film. In view of the pronounced sensitivity of proteins to 
. drying, as well as to deposition in a film, it has always 8.10 
a been possible to cast doubt on this evidence for the amide 0.5F 7.80} 8.65 
ed linkage, at least insofar as native globular proteins are 225 
er. concerned, on the ground that the molecule had been de- 
is- natured during the experiment. 0.46 
A protein which is relatively stable to the drying process 
lies is serum albumin. It has also been observed recently . f 3 
Lies that native serum albumin produces a modification in the 6 7 8 9 
tilled visible spectra of many compounds (3) and that this be 
with ability is lost on denaturation (5). It has seemed ap- \ 
with Propriate, therefore, to examine the infrared absorption of Mn Pactra aban opt potenanec Pre why 
t ex: 4 dried film of crystallized bovine serum albumin and ube 
many then to test the sample for possible denaturation by seeing (2)1 for comparison. The C=O peaks at 6.05 and 6.10 u 
from Whether it is still capable of causing characteristic spee- are essentially identical in position and characteristic of 
tophotometrie shifts. the simple amides in the solid state (4, 7). Thus there 
stical — infrared absorption spectrum of bovine serum can be no doubt that amide carbonyl groups are present 
* aldumin j 1k — = teint s .: 
- with j , 7 heme on ™ itt te Ulustrated in Mig. 1, toget her ‘ We are very much indebted to E. Katchalski for his gener 
larly ’ synthetic, water-soluble, polypeptide, polylysine — ous gift of a substantial sample of polylysine hydroiodide. 
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in the film of bovine albumin used to obtain the spectrum 
illustrated. 

That this same sample of bovine serum albumin was 
still in the native form is demonstrated by the data in 
Table 1. The protein film, dissolved in phosphate buffer 


TABLE 1 
Test OF NATIVE CHARACTER OF DRIED PROTEIN FILM BY 
EXAMINATION OF ITS EFFECT ON SPECTRUM 
OF METHYL ORANGE 


Depression of optical density by protein 





Wave length 
(A) From dried 











film* Untreated? 
4,600 0.063 0.099 
4,700 0.097 0.138 
4,800 0.117 0.165 
4,900 0.134 0.175 


5,000 0.123 0.167 


* Contained 8 mg of protein. 
+ Contained 12 mg of protein. 


at pH 7.6, depressed the optical absorption of methyl 
orange, as is characteristic of native albumin. Further- 
more, the degree of depression, in comparison with that 
obtained with the control, untreated sample, was roughly 
in proportion to the quantity of protein. Clearly then, no 
significant fraction of the albumin was denatured by 
deposition as a film, drying, or infrared radiation. 

In view of these experiments, there would seem to be 
little room left for doubt that native, globular proteins 
contain an amide-type carbonyl group. 
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The Effect of Choline-Deficiency on 
Uterine Activity of Rats 


Charles P. Kraatz and Charles M. Gruber 


Department of Pharmacology, Jefferson Medical College, 
Philadelphia 


Peet and Sampson (7) reported recently that two 
post-partum albino rats, one nursing young and one non- 
lactating, maintained for 39 days on a choline-deficient 
diet, were found at autopsy to lack completely contrac- 
tility of the uterus and to have partial atrophy of the 
uterus and ovaries. Two controls, both nursing young, 
which received respectively 30 mg and 200 mg of choline 
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every second day, showed normal uterine activity, 4 
yellow, oily condition of the hair on the rats receiving 
the choline supplements was also noted. 

The work reported here was undertaken on g | 
group of animals to confirm these observations if Dos. 
sible. 

Nine Carworth Farms adult virgin female rats of the 
Wistar strain were used unmated and nine similar Tats 
were mated. Two of the mated rats died during preg. 
nancy and seven delivered litters, six of these nursing 
from 7 to 10 young apiece. All virgin rats were plage 
on the experimental diets at the same time, and eae 
mother was given the experimental diet following 
livery of her litter. The diets were distributed among 
the animals as follows: 3 virgin females on Puring Dog 
Chow; 3 virgin females, 3 nursing females, and 1 post. 
partum nonluctating female on the choline-deficient diet, 
and 3 virgin females and 3 nursing females on the cho 
ine-deficient diet plus a choline supplement. 


TABLE 1 


EFFECTS OF CHOLINE-DEFICIENCY AND LACTATION ON Bopy 
WEIGHT AND ON OVARIAN AND UTERINE WEIGHTS 


Average 


No. body Average Average 
, ody 
Rats & diet in weight ovarian uterine 
group chause weight weight 
Nonlactating 
virgin rats 
Chow controls .... 3 +38 gm 68 mg 476 mg 
Diet controls ..... 3 +37 gm 66 mg 445 mg 
Choline-deficient .. 3 +39 gm 59 mg 421 mg 
Nonlactating 
postpartum rat 
Choline-deficient gs +56 gm 64 mg 438 mg 
Vursing rats 
Diet controls ..... 38* — 29 gm 74 mg 244 mg 
Choline-deficient .. 3* ~ 40 gm 69 mg 291 mg 


*One animal from each group was removed from the 
yeast-casein supplement during the last 14 days of the 
experiment. 


The choline-deficient diet developed by Hegsted and as 
sociates (6) was used in this work as it was in the work 
by Peet and Sampson. 

The 30 mg choline supplement given every second (i! 
was chosen for all control animals in preference to the 
200 -mg since that amount more nearly approximate 
physiological levels of the substance (1, 2, 4, 8). The 
additional supplement (7) of 1 gm dried brewer’s yeas 
and 5 gm extracted casein was provided every secotl 
day to all rats on the basal diet except 3, which wer 
deprived of it completely for the last 14 days of the & 
perimental period in an effort to intensify the choline 
deficiency. 

Vaginal smears were taken daily and rats wer 
weighed at weekly intervals. All rats were killed bY 
cerebral concussion on the 39th day with the excepto. 
of the animals on the Dog Chow diet, which were killed 
at later intervals when control uteri were desired. 4! 
the time of experimentation the ovaries and uteri = 
rapidly excised, cleaned of excess fat, and weight 
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Fic. 1. Top curve shows the spontaneous contractions of the uterus taken from a rat on a choline-deficient 
diet (animal was deprived of yeast supplement during the last 14 days) and the bottom curve, the activity of a similar 
segment of uterus taken from a normal rat. Middle record is the time in intervals of 20 seconds. At the interval 


marked 2, acetylcholine chloride was added to the bath, making a 1: 25,000,000 solution. 


Locke’s solution was replaced by fresh Locke's solution. 


At W, the acetylcholine- 


At 3, posterior pituitary solution (1/250 U.S.P. unit) was 


ulded to the 100-ce bath At 4. epinephrine was added to make a 1: 2.000.000 dilution. 


Kegments of one horn of the uterus taken from each of 
two animals were placed in aerated Locke’s solution at 
B8 (+0.2° for recording the contractions on a smoked 
drum surface. The method used was the same as that 
previously described by one of us (5). Generally, seg- 
ments of one horn from an experimental animal and of 
ne horn from a control animal were studied simultane- 
ously. All preparations were tested for their response 
0 posterior pituitary solution (1/5th to 1/1,000th unit 
in 100-ee bath), epinephrine solution (1:2,000,000) and 
acetylcholine (1: 25,000,000 to 1: 200,000,000). 

During the course of the experiment, the fur of all 
hursing mothers and their litters became oily, apparently 
about the time the young started to get into the food 
ontainers in the cages, while at no time did oiliness of 
he fur appear’in any nonlaetating rat. 

Table 1 reveals no essential differences in either the 
hursing or the nonlactating groups between the choline- 
leficient animals and their controls. There are, how- 


‘ver, differences between the nursing animals considered 


AS a group and the nonlactating rats as a group, indic 


live of an inadequacy of the diet for lactation, despite 


the addition of choline. Every nursing rat lost weight 
luring the 


39-day experimental: period while every non- 
factating rat gained weight. The uteri of the 6 nursing 
others varied in weight from 168 to 427 gm with an 
£ 268 gm, while the uteri of 10 nonlactating 
red from 318 to 560 gm with an average of 


Werage 


Tats pray 


446 gm. The two nursing rats, one choline-deficient and 
one control, deprived of the yeast and casein supplement 
for the last 14 days of the experiment showed a marked 
loss in body and uterine weight, while the non-nursing 
postpartum choline-deficient rat on a similar regimen ap- 
peared entirely normal. 

The vaginal smears showed regular four-day estrous 
eveles in both experimental and control nonlactating fe- 
males, and continuous diestrous smears in all nursing 
rats, broken by one or two estrous periods near the end 
of the experiment. 

All uteri, on being excised and placed in Locke’s so- 
lution at room temperature, contracted spontaneously and 
remained contracted until placed in warm (38° C) 
aerated Locke’s solution. Immediate spontaneous con- 
traetions were recorded from every -uterus, with no sig- 
nificant differences in rhythmicity or force of the con- 
tractions (Fig. 1). 

The rate of contraction and general tonus were in- 
creased by both acetylcholine and posterior pituitary so- 
lution, while epinephrine caused a decrease in the general 
tonus and usually cessation of the spontaneous activity 
in all uteri (Fig. 1). These effects were readily re- 
versed by replacing the drug-Locke’s solution by a fresh 
Locke’s solution. 

The animals in these experiments represent a rather 
wide range of choline ingestion from adequacy down- 
ward. Although the nine controls received 30 mg of 
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choline every second day in their diet, the nursing 
mothers were deprived of a considerable and variable 
portion of this supplement during the last three weeks of 
the diet on account of the inroads of their young at the 
food containers. The experimental animals were obtain- 
ing small amounts of choline from the yeast supplement 
(3). The particular product used here provided 3.6 mg 
of choline every second. The two experimental animals, 
one nursing and one nonlactating, which were deprived of 
the yeast and casein supplement for the last two weeks 
of the diet, probably achieved a true choline-deficiency, 
but achieved as well a deficiency in protein, biotin, para- 
aminobenzoie acid, inositol and perhaps other B-complex 
factors. However, in this widely varied series of 16 
rats, spontaneous contractility and normal reactivity to 
hormonal and humoral agents were observed in all uteri, 
irrespective of their source. 
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A New Method of Inoculating the 
Maydeae with Smut Fungi 


Jack R. Wallin! 


lowa State College—Guatemala Tropical Research Center, 
Antigua, Guatemala 


Corn seeds soaked in sporidial suspensions of three 
smuts of the Maydeae showed smut galls soon after 
germination. This proved to be a new method of infect- 
ing corn seedlings with the corn smut organism. The 
infestation technique employed was the same as that 
described earlier by the author (7) in obtaining seed and 
seedling infection of the grasses and cereals with Xantho- 
monas translucens. This discovery added another method 
of inoculating corn with species of Ustilago. The well 
known method of promoting infection with Ustilago zeae 
is to bring the sporidia or chlamydospores in contact with 
the growing point down in the spiral whorl or to inject 
the spores hypodermically into the tissues of the host. 
Seed infestation with sporidial suspensions in water 
merely constituted a surface contamination of the seed 
under favorable conditions for the growth and develop- 
ment of the parasite and the host. Apparently the 
fungus gained entrance into the host through the ger- 
minating seed and eventually reached the crown of the 


1 Present address: Division of Mycology and Disease Sur- 
vey, U. S. Department of Agriculture, Ames, Iowa. 
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young developing seedling. Infection occirreg only 
when the seeds were infested with sporidia ani not wit 


TABLE 1 
THE RESPONSE OF SWEET AND DENT CORN InvFustep jy 


SPORIDIAL SUSPENSIONS OF THREE 
SPECIES OF SMUT FUNGI 








No. No. No 


Smut species seeds plants Plants 
infested emerged —infeete 


Sweet corn* 


Ustilago zeaet ........ 100 82 39 
Ustilago dietelianat 

on Tripsacum ...... 260 210 8] 
Sphacelotheca reiliana 

from teosinte ....... 360 322 () 


Dent corn$ 


Ustilago S6G6T ..iess. 100 97 9 
Ustilago dietelianat 

on Tripescum ...... 420 400 og 
Sphacelotheca reiliana 

from teosinte ....... 360 348 0 

Teosinte|| 

RP ay” 5 ae eee 40 25 0 
Ustilago dietelianat 

on Tripsacum ...... 20 13 9 
Sphacelotheca reiliana 

from teosinte ...... 40 19 ( 





* Sweet corn variety Golden Bantam. 

+ Ustilago zea was collected near Ames, Iowa, and grow 
in single and mixed sporidial cultures for the infection trials 

t Ustilago dieteliana was collected by I. E. Methus in 194) 
near Mexico City, Mexico, on Tripsacum latifolium.  Mixe 
sporidial cultures were used in the infection trials. 

§ Dent corn commercial hybrid U. S. 13. 

Teosinte obtained from field near Chalco, Mexico. 


chlamydospores. Some seedlings were killed immediately 
after emergence. Others developed large swellings 0 
galls, and still others were not attacked. This method of 
infection was not limited to Ustilago zeae. Infection was 
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Fic. 1. Left: healthy seedling; middle: seedling galled 


by Tripsacum isolate; right: seedling galled by cor® iso 
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| only »btained with the sporidia of other smuts on corn and 
posinte as indicated in Table 1. 
The results of the seed infestation trials indicated that 
t corn was more easily infected when soaked in 
sporidial suspension than either dent corn or teosinte. 
\Jso, the response of the Tripsacum smut was like the 
on smut organism in that Ustilago dieteliana occurring 
n [ripsacum latifolium was pathogenic on corn (Fig. 1). 
Upon finding that galled seedlings developed from 
seeds infested in sporidial suspension, before planting a 
earch was made for infected seedlings in field plots on 


hand that had formerly grown corn. In the spring of 


t with 


wee 


1946 infected seedlings from 4” to 6” tall were found. 
Kubsequently a similar search was made in adjoining 
‘elds. Again infected seedlings were found. Most of 
hese seedlings were killed before they were 8” tall. 
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he Semiquinone Radical of Tocopherol 


L. Michaelis and S. H. Wollman! 


Rockefeller Institute for Medical Research, New York City 


The strueture of tocopherol (vitamin E) suggested the 
idea that its funetion both as a vitamin and as an anti- 
xidant might be correlated to some reversible oxidation- 
reduction mechanism. However, this idea is difficult to 
reconcile with our present knowledge of the oxidation 
roduets of tocopherol (1). The first oxidation product 
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(1) a«-Tocopherol 


attainable has the structure of a quinone (II) which can 

be reduced, but the reduction product is not the original 

d%eopherol. The oxidation of tocopherol appears to be 

Treversible. To quote from a review of this problem (6), 
CH, 


| 
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\ 


HC 
CH, 


hey 
HO CieHss 


(II) The quinone 


this fact ‘‘ militates against the idea that the compound 
(viz, the quinone) enters into the utilization of the vita- 
m0 in the body through an oxidation-reduction process. ’’ 


The antioxidant property of tocopherol is shared with 
galled Ydroquinone (benzo-hydroquinone). The structure of 
salate 1 Qn, “ 

sola Special research fellow of the National Cancer Institute. 


SCIENCE 


tocopherol differs from that of hydroquinone and that of 
duro-hydroquinone (=tetramethyl hydroquinone) essen- 
tially in that it contains only one unsubstituted phenolic 
hydroxyl group, instead of two. This is why a reversible 
oxidation to a quinone cannot take place. This fact sug- 
gests that the antioxidant effect of hydroquinone may 
not be due to its reversible oxidation to quinone. How- 
ever, the structure of tocopherol does not rule out the 
possibility of its reversible univalent oxidation to a 
semiquinone radical, which would arise from (I) by the 
removal of one electron only, in analogy to the semi- 
quinone of duroquinone as deseribed previously from this 
laboratory (5) and to many other semiquinones (3, 4) 
This process would not involve opening the side-ring, as 
is necessary for the bivalent oxidation to the quinone and 
does not imply any irreversibility of the oxidation. 

Such a hypothesis is difficult to prove for tocopherol 
because even if a radical is formed it may never aceumu- 
late to any concentration directly observable. The hy- 
pothesis wonld be made more acceptable, however, if one 
would sueceed in making the free radical under certain 
artificial conditions at such a high concentration that one 
could easily detect it directly. For this purpose an 
ingenious method devised by G. N. Lewis (2) is helpful: 

The substance in question is dissolved in an organic 
solvent which at the temperature of liquid air will form 
a homogeneous glass instead of erystallizing. It is ir- 
radiated, at the low temperature, in a Dewar flask 
through a quartz window, with ultraviolet light from a 
mereury lamp. Radiation may have two effects: It raises 
the energy level of some electron in the molecule, and 
when the excited state spontaneously returns to the ground 
state, there may be fluorescence, or phosphorescence, ac- 
cording to conditions; or irradiation may knock out an 
electron entirely and produce a free radical. Under 
ordinary conditions, the concentration of such a free 
radical would be restricted by the fact that thermody- 
namical equilibrium is established, for instance, due to 
dismutation of the radical. In most eases, the equilibrium 
is very much in disfavor of the free radical. At the low 
temperature in the rigid solvent, however, molecular col- 
lisions necessary to establish equilibrium are inhibited, 
and the free radical can accumulate to a concentration far 
above its thermodynamiecally permissible equilibrium con- 
centration. The radical can be recognized by its charac- 
teristic color. On warming the system to a temperature 
somewhat above that of liquid air, the radical gets into 
the equilibrium concentration, which is extremely small. 
The color of the radical fades out on raising the tem- 
perature but can be preserved almost indefinitely as long 
as the vessel is kept at the temperature of liquid air. 

With this method it has now been shown that toco- 
pherol, dissolved in a mixture of aleohol, ether, and pen- 
tane, frozen and irradiated, develops with great ease and 
rapidity an orange-red color, showing characteristic ab- 
sorption bands, which is stable at the temperature of 
liquid air even after stopping the radiation, but fades out 
on melting the frozen solution. 

The color of the semiquinone of hydroquinone, pre- 
pared in the same way, is light yellow. This yellow sub- 
stance is not quinone since it fades out on warming, but 
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is the semiquinone radical. The monomethyl-ether of 
hydroquinone behaves as hydroquinone, which shows that 
one unsubstituted phenolic hydroxyl group is sufficient 
for the reaction and corroborates the assumption that the 
yellow color is not quinone. 

There can be no doubt that this colored substance is a 
free radical existing in a concentration far above the 
thermodynamically permissible concentration. This ex- 
periment shows at least that the free radical of tocopherol 
is not just a product of paper chemistry but does exist. 
At ordinary temperatures, it will never accumulate to a 
direetly recognizable extent. On the other hand, its very 
instability makes it a highly reactive substance. 

Although the univalent oxidation may involve a large 
free energy, the process might be greatly facilitated if 
tocopherol were a prosthetic group of an enzyme and the 
process took place intramoleeularly within the enzyme- 
substrate complex. Such an assumption would also fit 
the faet that the biological activity is restrieted to a 
molecule of specific structure and is not exhibited gen- 
erally by ay mono-substituted hydroquinone. 

It is not claimed that the problem as to the mechanism 
of the action of tocopherol either as a vitamin or as an 
But the fact 
that the finding of the semiquinone places tocopherol in 
the elass of the reversible oxidation-reduction systems 
establishes the analogy to various other vitamins which 
act as coenzymes or prosthetic groups of enzymes con- 
cerned with specific dehydrogenations, namely, riboflavin, 
nicotinie acid, and thiamine. 


antioxidant is entirely solved herewith. 
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Technique for Making Spreads of 
Omentum from Small Animals? 


Joy Barnes Cross 


Department of Preventive Medicine and Public Health, 
Medical Branch, University of Texas, Galveston 


Possibly one outcome of the work of Knisely’s group 
(2) on sludged blood will be a re-awakened interest in 
the potential usefulness of the omentum in studies of the 
vascular system. Beeause the omentum is very thin, 
sectioning is unnecessary for microscopic studies, and 
so the observer can secure an unmutilated and complete 
survey of the vascular bed over a relatively wide field (1). 

Smooth and sizable spreads of this tissue, however, 
are not easily obtained because as soon as the anchorage 


1 Supported in part by grants from the U. S. Public Health 
Service and the Office of Naval Research. 
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of the omentum to the intestine is destroyed, the mesent, 
tends to contract and wrinkle badly. The folly; 
technique routinely produces smooth spreads of oment, 
from mice (half grown to adults in size). 

The tissue should be taken as soon after death 
possible. The use of a duoloupe or dissecting Microsc 
is advantageous. The intestine should be spread yim 
so that a loop bounds a fan-shaped portion of the omg 
tum, avoiding the region of the pancreas if very thi 
preparations are desired. A slip of cigarette paper (cy 
crosswise in about thirds) is placed on a gloved finger 
and inserted under the chosen portion of the omenty 
retaining the fingertip beneath the omentum until 
preparation is placed on a slide. The membrane ; 
spread smoothly against the paper. Unless too much tiy 
has elapsed since the death of the animal, the albumin 
substances in the tissue will affix it to the paper. 1, 
intestinal loop and enclosed ‘‘fan’’ are severed by fy 
scissors. The cut loop is carefully trimmed away fr 
the enclosed membranous ‘‘fan’’ by cutting through th 
membrane and the supporting paper. The chosen portiy 
of the paper-supported omentum is left balanced on th 
fingertip and then gently but firmly pressed with th 
tissue side down against the slide. Using seissors’ tiy 
or needles the spread is smoothed before it is cover 
with a few drops of fixing solution (we used Sehay 
dinn’s). After a delay of a second or so, the spread; 
blotted dry quickly by pressing with several layers 9 
filter paper. 

The next step requires speed, care, and skill. Wi 
a fine-pointed forceps for lifting the paper and a teasiy 
needle or scissors’ tip to hold the tissue against the slid 
the cigarette paper is separated and peeled away. Th 
slide with the affixed tissue should be placed in a jaro 
fixative immediately. Any of the usual techniques fo 
fixing, dehydrating, and staining paraffin sections may | 
used for completing the preparation. If, as rard 
happens, a spread slips from a slide during these late 
manipulations, the tissue may be salvaged by handling! 


the customary manner for ‘‘loose’’ celloidin sections. 
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Scanning Instrument for Quantitative 
One-Dimensional Paper Partition 
Chromatography 


L. S. Fosdick and R. Q. Blackwell 
Chemistry Department, 
Northwestern University Dental School 


The method of Consden, Gordon and Martin (3) f 
separation and identification of amino acids by Pp? 
partition chromatography has found wide applicatiol 
and has been extended to other classes of compoul® 
Various methods for rendering the method quantitati 
have been described (4, 5, 6, 7, 8,9, 10,11). In this lst 
oratory the method developed by Bull and coworkers (f 
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p quantitative estimation of amino acids by one-dimen-  seribed on the instrument frame adjacent to the top of 


onal paper partition chromatography is being used. the slide, and an indicator line on the slide frame is used 
ll. Wigs method, also developed by Block (1), depends upon to read the seale. In practice all strips are run in the 
a teasingmmee Measurement of transmission of light through the vapor chamber to a total distance of 70 em (i.e., a dis- 
the slid ter paper strip containing purple spots developed by tance equal to the length of the scale on the scanning in- 
ay. Tile reaction of ninhydrin on the individual amino acids strument). The coler is developed on the strips (2) 
‘ n the strip. which are then fastened in the proper position on the glass 
The scanning instrument used in this laboratory for slide between the brass masking strips. Transmission 
easuring transmission through the paper strips is shown readings are taken at intervals of 4 scale units (1 scale 
's ravi Fig. 1. The photoelectric cell, C, is connected by lead unit =0.7 em) by moving the slide. The transmission 
ese late to 8 photometer (Photovolt Corp.). The filter, D, is readings from the Photovolt meter are plotted directly 
ndling | ounted in E, the cell window. The photoelectric cell upon semilog paper as a function ef distance in scale 
tions. s snugly in the brass housing, B; the optimal distance units, and the curves treated as described by Bull (2). 
tween the paper strip and the cell can be adjusted by Using this method the R; value (3) can be read directly 
iding the latter forward or backward in the housing. from the plot. 
he housing, B, is held in place by four set screws (not Accuracy of determinations of amino acids using color 
hown) and is adjustable both horizontally and vertically development with ninhydrin by Bull’s method (10) vary 
D facilitate positioning the cell window, E, exactly in for us from 5 to 15% depending upon the amino acid. 
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The Use of Ion Exchange for the Deter- 
mination of Radioelements in Large 
Volumes of Urine’ 


Jack Schubert, Edwin R. Russell,- and 
Lawrence B. Farabee” 


Medical and Biology Divisions, 
Argonne National Laboratory, Chicago 


The efficacy of ion exchange as a means of extracting, 
concentrating, and purifying cations and anions from 
Inasmuch as 
the determination of radioelements or trace elements in 


large volumes of solutions is well known. 


urine involves similar problems it was felt that analogous 
adsorption procedures could be applied. Numerous studies 
had already demonstrated the ability of ion exchangers 
to extract ions, particularly calcium, from _ biological 
fluids (1). 


trace element from a 


Our objective was to extract quantitatively a 


liter or more of urine and con- 
centrate it in a few ml of a solution completely free from 
the large concentration of salts which usually interferes 
with spectrographic and chemical methods of analysis. 
studies it was 


desirable to determine quantitatively the concentrations 


In connection with various metabolic 
of fission products in urine, especially with regard to 
radioelements to body 
Since the rare earths constitute an important 


fraction of the fission products, the determination of these 


relating the urinary levels of 
content. 
using a cation exchanger was 


elements in urine by 


attempted. Carrier-free radioyttrium, Y®1!, was chosen as 


a tracer element for these studies. An extensive in- 
vestigation of optimum conditions was made, but only the 
most recent workable flow sheet is presented. 

The principles involved in the adsorption and desorption 
of a eation from an organic cation exchanger are dis- 
cussed elsewhere (2, 3). Essentially the cation exchange 
reactions follow the law of mass action. A given reac- 
tion, then, can be made to proceed in any direction by 
altering the relative concentration of the reactants and 
products. In this adsorption process for extracting and 
subsequently eluting yttrium from urine, the principal 


reaction for both the adsorption and desorption steps is: 


Adsorption 
Y**++3HR YR, + 3H*, 
Desorption 
in which the symbol R represents the nondiffusible 
anionic part of the cation exchanger. 
The adsorption of the yttrium is made from urine, 
“.1 M in HCl, while the desorption is carried out with 
7 M HCl. 


passing a liter of acidified urine containing tracer yttrium 


Briefly, the adsorption process consists of 


through an adsorption column of a eation exchange 
resin, removing the extraneous calcium and other cations 


‘The work reported here is based on studies completed in 
the autumn of 1945 and is scheduled for publication in Vol. 
16A of the Plutonium Project Record. 

“Present Address: Allen University, Columbia 
Carolina. 

* Present Address: 
Ridge, Tennessee. 


13, South 


Oak Ridge National Laboratory, Oak 


with 0.4 M HCl, and subsequently eluting the ado, 
Y*3 with a small volume of 7 M HCl. The 7 y Hq 
evaporated to near dryness to remove the bulk o r 
acid, while remaining organic matter is destroyed by y 
ashing with nitric acid. The residue is transfer, 
quantitatively with distilled water to a 10-ml capa 
porcelain capsule, evaporated to dryness under an iy 
red bulb, and the radioactivity is measured directly yj 
an end mica-window Geiger-Miller counter. 

If the radiations from a particular radioelement are y 
very penetrating, it is necessary that the last trace, 
salts be removed. With Y*3, for example, it is possij 
to dilute the ashed residue with distilled water and r 
it through a second column of adsorbent which contyy 
by weight as much resin as is present in the f; 


1 
ly — 
only 5 


column. The adsorbed Y* is eluted with 60 ml of: 
HCl. When evaporated to dryness, mounted on a { 
platinum plate, and flamed, this solution leaves, in wy 
cases, no perceptible residue. 

The advantages claimed for the method are: (1 
preparation of the urine other than acidification is neg 
sary; (2) no close control of pH is required; (3) ¢ 
operation may be interrupted at any stage desired; ({ 
one technician can run several samples simultaneously 
and (5) the equipment and adsorbent, once set up, m 
be used repeatedly. 

Amberlite IR-1 resin+ is employed in the first colum 
adsorption step while a more insoluble resin, Amber 
IR-100H, is used in the second step because it lie 
to minimize the amount of solid matter associated wi 
the yttrium. The weights of resin are expressed in tem 
of the air-dried hydrogen form. Now that more insoli! 
and higher capacity resins, such as Dowex 50° (2) a 
Amberlite IR-120, are available it would be definitd 
advantageous to substitute them for IR-1 and IR-10il 
after making allowances for the capacity and kine 
characteristics of these new resins (2, 4). 

The glass columns are set up in the usual mam 
Glass ‘wool serves as a satisfactory support for the ra 
bed. A straight glass stopcock is used to regulate! 
flow rates. A 2-1 leveling bottle serves as a storage 4 
for liquids percolating through Column I while a 5)!# 
leveling bottle suffices for Column II. About 2’ of} 
is found to provide satisfactory flow rates. The w" 
was ‘‘spiked’’ with carrier-free Y® and then acidi 
as specified in the flow sheet. 

The accompanying flow sheet (Fig. 1) provides 4!® 
details of the operations necessary for the extraction 
concentration of Y®! from liter volumes of urine. Lif 
volumes of urine can be handled by a proportionate! 
crease in the mass of resin employed. The resin ist 
for a new run at the end of each cycle. 


The functions of the different solutions employed ™ 


as follows: 
(1) The acidification of the urine prevents the pt? 
tation of calcium salts, keeps the yttrium in ionic f 
‘Manufactured by the Resinous Products Chemical Oh 


Washington Square, -Philadelphia, Pennsylvania. 
5 Manufactured by Dow Chemical Co., Midland, Michi 
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adsorh ; : ° . 5 6 4) The 95% alcohol removes remaining organic mat- 
Orb ———_—} 
A i, URINE ° ° ° 
M iq rtesm cOnc.| | 800m. | |1000m] |soomi epede, nian ter. This step was introduced when it was found that 
Hci, LUTE TO 0.4m HCI 7M HCI H,0 95% ALCOHOL H,0 ° ° P int P 
Tk of 4 1800 mi the adsorption of yttrium from liter quantities of urine 
ed by y \ kept decreasing, 1.e., the break-through point was quite 
"alsferrg erratic and as much as 35% of the yttrium lost. It was 
Capaeif presupposed that alcohol-soluble organic matter coated 
an j he resin particle sorption of yttri ras 
ing now mares 'y ies? 3. eee | re th resin particles so that the adsorpt f yttrium wa 
ectly wif hindered. The alcohol wash was found to prevent the 
premature break-through of yttrium. 
nt are ng The adsorption method as it now stands gives ¢on- 
traces 4 rt tt sistent recoveries of Y91 of 90+5% when only Column I 
| 39] ; ° ‘ ‘ ; is ilize € € 7 7 -overv C 5 +50 ; > 
Poss COLUMN CONSISTING OF 70% is utilized, and an over-all recovery of 85+5% if the 
and pa COLUMN I 66-80 MESH! AMBERLITE IR2) process includes Column II. It is possible to improve this 
+ INSIO ER«2 j P 
| COntai oe en recovery by closer control of variables. The effect of 
; Jf = aa ALCOHOL TO yttrium concentration on its adsorption by the resin may 
rl the § BE RECOVERED p 
i . BY DISTILLATION be calculated (4). In the present process it appears that 
il of 7 about 10-4 M of yttrium can be extracted with no loss 
‘ * . . s 
on af | in efficiency. 4 
“ COLLECT FIRST Because the coneentrations of substances such as al- = 
, 1 me neeene SOO mi. IN BEAKER pings ; - 
~ity DISCARD Ba ~i% ¥ bumin and urea which normally appear in urine are quite = 
0 BALANCE . 
:, Lr variable, it was desirable to ascertain their effects on > 
(j |. EVAPORATE TO NEAR . . \ 
; ORYNESS. yttrium adsorption. ) 
18 eet 2. ASH™ : Xa ; ; 
(3) 4 3. DISSOLVE IN 400m. Albumin: The presence of albumin in urine as high r 
. oO. f . 
red: (f ne Gakic as 2 gm/I had no observable effect. P 
aneously i Urea: In the range of concentration studied, 0-4.0 gm : 
400m. ¥ 200 mi. 0.4m 100 mi. 200 mi 500 mi. 200 mi. F 29a /100 : ine hs PITee Vv it ads¢ ; . 
Up, nif | sowuTiOn cal Baa “e- om... aR a of urea/100 ml of urine had no effect on yttrium adsorp , 
tion. . 
+ colel Acids: The equilibrium adsorption of yttrium by IR-1 } 
Amber from urine acidified with each of the following acids was q 
+ hel studied: acetic, sulfuric, hydrochloric, and nitrie in con- : 
1 ley Flow RATES % 


(ot sale.) = . —_ centrations ranging from 0.1 N to 1.0 N. The maximum 


® 0.8 
ited wil 
in ter adsorption (which was about the same for the various } 
insolub acids) was obtained when the solutions were 0.1-0.2 N. 
(2) a Higher concentrations of acids caused a marked decrease 
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definita , 7 aA ' in yttrium adsorption. } 
j COLUMM 4ome. OF: 60-60 MESH Sodi ; a. ’ 43 , Mast 907 ? 
if aig ai ‘eats Sodium chloride: ( ntrations of NaCl up to 1.29 
TR-100E couMN ! apentite th-10dn cpap sateen : pt 0 ' 
1 kine : INSIDE DIAMETER «i.tem. | did not reduce the adsorption of yttrium. I 
es i ij In general, the scheme given here will be found suitable . 
ALCOHOL TO . m ? < : - 
—_ BE RECOVERED for the extraction and concentration of other cations with pe 
anne BY DISTILLATION eae , aia 2 
the ra a valence of +3 or greater. The processing of divalent 
ulate 4 ‘ations such as Bat+ and Ra** would involve a closer at- 
ae tention to the concentration and volume of the HCl-eluting 
age | al LCOLLECT FIRST 6Omi : ‘ . . : 
a 500m preg REVAPORATE TO ~Smi DISCARD solution in order to remove selectively urinary caleium. 
‘ B. TRANSFER QUANTITATIVELY ‘ - ; , j j 
of h TO COURTING BION And Chromatographic complex elution with citrate solutions 
; EVAPORATE TO ORYNESS. ae r ha ilize anarati P a} 
he wi amnion an, of course, be utilized for the separation of calcium 
aciditi from other divalent cations (4). For metals which easily 
form complex anions, such as chromium, gold, and 
»¢ all fl te "Te SOLUTION, CONTAINED IN A I LITER BEAKER, 1S EVAPORATED ON & WOT PLATE molybdenum, for example, an anion exchange system (5) 
Me fom oe NYMESS. THE ORGANIC RESIDUE 18 DESTROYED SY THE ADDITION OF ABOUT . 
tion a teat el MNOy AMD EVAPORATED TO ORYNESS. THIS TREATMENT (8 REPEATEO at mav be found useful. 
mt WRO WO MORE TIMES. FINALLY TO THE ASHED MATERIAL 18 ADDED [Om OF , 
Largt 3 AND THE MIXTURE 18 EVAPORATED TO NEAR ORYNESS. 
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Book Reviews 


Advances in food research. (Vol. I.) E. M. Mrak and 
yeorge F. Stewart. (Eds.) New York. Academic 
Press, 1948. Pp. xv +459. (Illustrated.) $7.50. 


This book contains reviews on the following subjects: 
the physiology and chemistry of rigor mortis, with special 
reference to the aging of beef; factors influencing the 
vitamin content of canned foods; the physiological basis 
of voluntary food intake (appetite) ; biochemical factors 
influencing the shelf life of dried whole.eggs and means 
for their control; factors affecting the palatability of 
poultry emphasis on histological post-mortem 
changes; deterioration of processed potatoes; the influ- 
ence of climate and fertilizer practices upon the vitamin 
and mineral content of vegetables; nonenzymatic brown- 
ing in fruit products; microbial inhibition by food pre- 
servatives; and high-polymer pectins and their deesteri- 
fication. 

Each of the reviews is accompanied by a suitable bib- 
liography to the sources of information on which it is 
based. Every contributor is an experienced investigator 
in his segment of food research. 

Researches on foods have been aecelerated by the great 
advances in our knowledge of biochemistry and the bio- 
logical sciences. Original communications are scattered 
in journals devoted to biochemistry, bacteriology, my- 
ecology, and nutrition. Technologists, researchers, and 
teachers find it almost impossible to examine the original 
literature which bears upon their interests. 


with 


In various 
fields of knowledge the annual volume devoted to thor- 
ough reviews and criticism has done much to assist those 
interested in keeping informed about research progress. 
The references help them to find readily what they most 


need to examine at first hand. The present volume is an 


excellent addition to the list of special volumes devoted 
to advances in special fields of knowledge. 


E. V. McCoury 
Johns Hopkins University 


A textbook of beat for upperclassmen. LeRoy DP, Well 
New York: Macmillan, 1948. Pp. x+437. $5.00, 
As explained by the author in the preface, ‘‘ The ¢, 

tent of this book is based upen material whieh the authy 

has been using, with frequent revisions, as lecture nog 
in a junior-senior course in heat for the past thirty-ty 
years.’’ A lot of ground is covered: calorimetry, (jj; 
tometry, phase transitions, properties of gases, kineti 
theory of gases, thermodynamics, properties of mixtur 

In less than 400 pags 

of actual text, many of these topies could be given oth 

brief mention. 


heat transfer, and thermometry. 


The author has an easy, fluent style. His explanatioy 
and examples are lively and interesting. There are may 
The beg 
material in this reviewer’s judgment is that on kinetiy 
theory—the poorest on the foundations of thermody. 


well-drawn graphs, some of them to seale. 


namies. It is to be regretted that the author has retained 
the old-fashioned point of view with regard to the us 
the term ‘‘heat’’—a point of view at variance with ew 
rent usage by physicists, chemists, and engineers. (x 
cannot help but complain also about the author’s sw 
bolism which ignores almost completely the publishet 
lists printed in the American Journal of Physics and dz 
where. There is no excuse, in these times, for using con 
plicated bold-face Gothic characters for thermal capacity 
efficiency, resistance, ete. 

MARK W. ZEMANSi! 
City College of New York 


Scientific book Register 


BARNES, H. F. 
gall midges of ornamental plants and shrubs. 
IV.) London: Lockwood, 1948. Pp. 
(Illustrated.) 15/-. 

3RILL, A. A. Basic principles of psychoanalysis. 
den City, New York: Doubleday, 1949. 
$3.45. 

Buros, OSCAR KRISEN. (Ed.) The third mental measure- 
ments yearbook. New Brunswick, N. J.: Rutgers 
Univ. Press, 1949. Pp. xiv+1047. $12.50. 

CHANCE, BRITTON, et al. (Eds.) Waveforms. (Massa- 
chusetts Institute of Technology Radiation Laboratory 
Series.) New York-London: McGraw-Hill, 1949. Pp. 

+785. (Illustrated.) $10.00. 


Gall midges of economic importance: 
(Vol. 
Crosby 165. 
Gar- 
Pp. xv + 298. 


xxii 


CLARKE, HANg T., JOHNSON, JOHN R., and Rosinsoy,™ 
Ropert. (Eds.) The chemistry of penicillin: rep 
on a collaborative investigation by American ani 
British chemists under the joint sponsorship of ™ 
Office of Scientific Research and Development, Wash 
ington, D. C., and the Medical Rescarch Council, 
don. (Compiled under the auspices of the Natit 
Academy of Sciences, Washington, D. C.) Prince 
N. J.: Prineeton Univ. Press, 1949. Pp. x + 108 
(Illustrated.) $36.00. 

Zipr, GEORGE KINGSLEY. Hwman behavior and the p™ 
ciple of least effort: an introduction to human ecollt 
Cambridge, Mass.: Addison-Wesley, 1949. Pp. xi* ue 
(Illustrated.) $6.50. 
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EWS 
and Notes 


National Science Foundation. On 
farch 18, the Senate passed 8S. 247, 
e‘‘National Science Foundation Act 
¢ 1949.7? On the same date, the Pub- 





Vol, 1 


devote 


Con ly 


D. Well 
c Health, Science, and Commerce 


).00 
The x ubeommittee of the House Interstate 
id Foreign Commerce Committee an- 
Aaa ounced that hearings on the National 
“a jence Foundation bills will be 
." 7 sheduled for March 31, April 1, and 
ae pril 4 at 10:00 a.m. As noted in the 
, Kinety 


farch 18 issue of Science, one of the 
ief purposes of the hearings is to 
smiliarize new Subcommittee mem- 
rs with the legislation, but Congress- 
ban J. Perey Priest has invited all 


mixtures 
10 pages 
ven only 


anation 


nterested organizations and _ indi- 


re Maly duals to present their views. 


he beg By invitation of Congressman 


| Kinet riest, the Inter-Society Committee 


























ermodMifor a National Science Foundation will 
retained represented by Dael Wolfle, seere- 
e use (Mry-treasurer of the Committee; and 
vith cufii™he AAAS will have Howard A. Meyer- 
rs. Onfimoff, administrative secretary, and 
r’s yufi/avmond L. Taylor, assistant admin- 
ublishifi/mtrative secretary, present to answer 
ind cle fi//mnv questions the House Subcommittee 
ing com: ay ask. Such support as these three 
apacity bpresentatives can give to a National 
‘ence Foundation Bill will be greatly 
wANsitgeengthened by letters from scientists 
ldressed to members of the House 
ubcommittee (see Science, March 18, 

295). 
Members of the Subcommittee on 
ublie Health, Science and Commerce 
ve six bills before them for consider- 
ion, H. R. 12, 185, 311, 1845, and 
BUS differ only in minor details from 
_ a 2. 6007 of the 80th Congress and 
08," Fagom the Senate bill S. 247. Sponsors 
. 7 these bills are: For H. R. 12, J. 
ae ‘rey Priest (6th District, Tennes- 
wel et); for H. R. 185, Oren Harris (7th 
, “ strict, Arkansas); for H. R. $11, 
™ li MiMharles A. Wolverton (1st District, 
Natio Mew Jersey) ; for H. R. 1845, James 
neem ' Van Zandt (22nd District, Pennsy]- 
+1 BaBnia); for H. R. 2808, Wilbur D. 
ills (2nd District, Arkansas). For 
he p™* BM! practical purposes these five bills 
ecolost ay be considered as a single piece of 
xi+5* MMBislation, whieh will receive the 


ited support of their respective pro- 
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ponents. The only rival bill is H. R. 
359, introduced by Emanuel Celler 
(15th District, New York). This bill 
closely follows the pattern set by 8S. 
1850 of the 79th Congress, which, 
though supported by many of the na- 
tion’s scientists, was the subject of 
vigorous controversy. 

Only onee (1947) has a National 
Science Foundation bill passed the 
House. If scientists wish to insure 
passage of a bill in 1949, it will help if 
they express themselves to their Con- 
gressmen, to the proponents of these 
six bills, and to the members of Mr. 
Priest’s Subcommittee, not only in 
support of the Foundation, but also 
in regard to the kind of Foundation 
they want. 

Howarp A. MEYERHOFF 


About People 
Clark B. Millikan, professor of 


aeronautics, California Institute of 
Technology, has recently been named 
director of the Daniel Guggenheim 
Laboratory of Aeronauties and chair- 
man of the Jet Propulsion Laboratory 
soard at Caltech. 


Milan V. Novak has been appointed 
assistant dean of the Graduate College 
for the University of Illinois” Chi- 
cago Professional Colleges. Dr. Novak 
will continue to serve as professor of 
baeteriology and head of the Depart- 
ment. 


J. William Hinton, a professor of 
clinical surgery on the New York Uni- 
versity medical faculty since 1944, has 
been appointed professor of surgery at 
the Post Graduate Medical School, 
New York University-Bellevue Medi- 
eal Center. Dr. Hinton will be director 
of the fourth surgical division at Belle- 
vue and will continue as director of 
surgery at University Hospital. 


Henry G. Booker, professor of 
electrical engineering at Cornell Uni- 
versity, has been elected Honorary Fel- 
low of the Geophysical Observatory, 
University of Alaska. This citation 
honors him for his work on microwave 
propagation and electromagnetic wave 
propagation in the upper atmospnere. 


The National Bureau of Standards 
announces two appointments to the 
staff: Charles A Mabey, former di- 
rector of research for the Bristol Com- 
pany, will supervise electronic minia- 
turization, circuits, and processes as 


assistant chief of the Engineering 
Electronics Laboratory; and Paul 
Wang, former dean of the Physics 
Department, Shantung University, 
China, will do research in X-rays and 
nuclear physics, specializing in beta- 
tron and high-voltage equipment. 


Douglass Poteat, former executive 
vice president of the American Cancer 
Society, has recently been appointed 
executive vice president of Memorial 
Hospital Center for Cancer and Allied 
Diseases in New York City. 


Edward O. Hulburt, former super- 
intendent of the Optics Division, 
Naval Research Laboratory, Washing- 
ton, D. C., has been made direetor of 
research of the Laboratory. 


Grants and Awards 


The Institute of Medicine of Chi- 
cago is offering the Joseph A. Capps 
prize of $400 for the best paper on a 
medical study or a problem closely 
related to medicine. The competition 
is open to graduates of Chicago medi- 
cal schools who completed their intern- 
ship or one year of laboratory work 
during 1947 or later. 
must be submitted to the Secretary of 
the Institute of Medicine of Chicago, 
86 East Randolph Street, Chicago 1, 
not later than December $1. 


Manuscripts 


The Commonwealth Fund has 
awarded an advanced medical fellow- 
ship to David Glick, associate professor 
of physiological chemistry, University 
of Minnesota Medical School, to study 
developments in histo- and cytochemis- 
try at the Carlsberg Laboratory in 
Copenhagen and the Kaolinska Insti- 
tute in Stockholm during the summer. 


Elwood C. Zimmerman, associate 
entomologist, Experiment Station, 
Hawaiian Sugar Planters’ Association, 
and curator of entomology, Bishop Mu- 
seum, was awarded the 1948 literary 
prize of $250 by the Friends of the 
Library of Hawaii for his five-volume 
This is 
the first time a scientific treatise has 


work ‘‘Inseets of Hawaii.’’ 


been given the award. 


The Institute of Radio Engineers 
gave its Fellow Award this year to 
John N. Dyer, supervisor of radar and 
air navigation research and develop- 
ment for Airborne Instruments Lab- 
oratory, Mineola, Long Island, New 
York. Mr. Dyer was honored for his 
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contributions to radio, including polar 
expedition communications and war- 
time radio counter measures. 


Sigma Delta national 
women’s scientific fraternity, has 
awarded its $1,200 predoctoral fellow- 
ship for 1949-1950 to Irene T. Kline, 
Western Reserve University, Cleveland, 
Ohio. Miss Kline in investigating pos- 
sible relations of known vitamins to 


Epsilon, 


the biochemical mechanism of steroid 
hormone action. 


The University of Pennsylvania 
has received $100,000 from Lit 
Brothers, Philadelphia department 
store. A major portion of the gift 
will be used for the development of 
the University’s new Medical Center. 
This latest donation brought the total 
gifts and pledges to the University’s 
development fund to more than $4,000,- 
000. 


Fellowships 


The National Paraplegia Founda- 
tion is offering a limited number of 
fellowships for research in spinal cord 
disease and trauma and assiciated com- 
plications. These $3,000 fellowships 
are open for the academic year 1949- 
1950 to any candidate who has demon- 
strated a capacity for medical research 
and has outlined a meritorious pro- 
gram of study. Application forms 
may be obtained from L. W. Freeman, 
Chairman, Medical Advisory Commit- 
tee, National Paraplegia Foundation, 
Room 457, Hotel La Salle, Chicago 2, 
and must be submitted not later than 
June 1. 


The Jessie Horton Koessler Fel- 
lowship of the Institute of Medicine 
of Chicago will be available Septem- 
ber 1. Established for the aid of re- 
in biochemistry, physiology, 
bacteriology, or pathology, the fel- 
lowship carries a stipend of $500 a 
year, with the possibility of renewal 
for one or two 


search 


years. Applications 
must be approved by the head of the 
department in the fields mentioned or 
by the director of a research institute 
or laboratory in Chicago, and must 
stipulate that the applicant will have 
adequate facilities for carrying out 
the proposed research. A letter pre- 
senting full information should be sent 
in quadruplicate to Paul R. Cannon, 


Committee Chairman, 950 East 59th 


Street, Chicago 37, not later than 
July 1. 


Colleges and Universities 


Ohio State University College of 
Dentistry will hold a post-collegiate 
assembly April 27-28. Dental progress 
since World War II will be reviewed 
by members of the faculty, assisted by 
Charles Williams, University of To- 
ronto, and Robert Hardy of Tufts 
Dental College. 


The Massachusetts Institute of 
Technology is offering a new gradu- 
ate program in analytical chemistry. 
Planned to meet new needs in industry 
and teaching, the course emphasizes 
instrumental methods, particularly 
radiochemical analysis. Assistantships 
and scholarshpis are available, and in- 
formation may be obtained from the 
Head of the Department of Chemistry, 
Massachusetts Institute of Technology, 


Cambridge 39. 


The University of Washington is 
conducting basic research toward de- 
veloping a simple method for locating 
warm levels in extreme low-tempera- 
The investigation, carried 
on under a $6,000 grant from the U.S. 
Army Quartermaster General’s Office, 
will be used in locating arctic camps, 
supply dumps, and air fields. Phil E. 
Chureh, head of the department of 
meteorology climatology di- 
recting the study, and Robert G. Flea- 
gle, assistant professor, is in charge of 
the preliminary work. 


ture areas. 


and is 


Vassar College has awarded full- 
year faculty fellowships to Edward 
R. Linner, associate professor of 
chemistry, and Monica Healea, as- 
sociate professor of physics. Profes- 
sor Linner will continue a study of 
absorption from solution, in England 
or Sweden, and Professor Healea will 
do research at Vassar in the field of 
secondary emission. 


Summer Programs 


Duke University Marine Labora- 
tory, Beaufort, North Carolina, will 
open its twelfth summer session on 
June 14. Courses in marine algae 
and marine ecology will be offered 
during the first six weeks and courses 
in plant ecology and marine inverte- 
brate zoology during the second six 
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weeks. They are open to LTaduat 
students and seniors on); Further 
information may be obt:ined from 
the Director of the Laboratory, Box 


269, Beaufort, North Carolina, 


The Oak Ridge Institute of Nu 
clear Studies’ Special Training Di 
vision will conduct three basic eoy,, 
in the techniques of using radiviy 
topes as tracers, June 6—July 1, Jy) 
11-August 5, and August 8-Septen 
2. Thirty-two participants yj 
be accepted for each course, and y 
plications should be mailed prior t 
June 1. Forms and 
may be 


ber 


additional jy 
formation Obtained fro 
Ralph T. Overman, Chairman, Sy» 
cial Training Division, Oak Ridge |) 
stitute of Nuclear Studies, P. 0. Ry 
117, Oak Ridge, Tennessee. 


The University of Michigan’s sw: 


mer symposium on _ contemporan 


physics will be held from June 2 
30, Guest 
Luis W. 


California 


July lecturers will i 


clude: Alvarez, Universit 
of 
in High Energy Physies,’’ June 2: 


July 9; R. P. Feynman, Cornell Uw 


‘*Recent Experiments 


versity —‘‘ Problems in Quantum Ele 
trodynamics,’’ July 11-July 

Frederick Seitz, Carnegie Institute i/ 
Technology—‘ ‘Special Topics of th 
of Solids,’’ June 27-July %: 
G. B. B. M. Sutherland, (uw 
University—‘ ‘Current’ Dev 


Theory 
and 
bridge 
opments in the Infrared in the Ply 
ical, Chemical, and Biological Fielis 
30. Further inform 
obtained from E.! 
Department 


July 5—July 


tion may be 
Barker, Chairman, 
Physics, University of Michigan, 4" 
Arbor. , 

The Roscoe B. Jackson Memon 
Laboratory, Bar Harbor, Maine, 
hold its regular summer student tr! 
ing program June 22-August ” 
Two coneurrent 10-week courses # 
research problems, techniques, * 
progress in the field of growth 0 it 
behavior will be offered. Enrollme 
is limited to 22 students to be * 
lected on the basis of scholarship ™ 
interest in particular fields. Furthe 
information may be had by writif 
the Chairman, Summer Stulé# 
Program, Jackson Laboratory, By 
Harbor, Maine. Applications mis 
be in by April 1. 


to 
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RT aduaty ‘ngs and Elections will be held at 4: 30 p.m., March 25, of the Gold Rush, mining engineers, 
Purthey ecting 30, and 31, and April 1, in Strathcona economic geologists, and metallurgists 
Ned frmmwWilder Graves Penfield, professor fall on the campus. assembled in San Francisco February 


tory, Bom neurology and pamregar erty) Me- 13-17 for the 168th general meeting of 
| University, Montreal, will present The Cardiovascular Study Section of the American Institute of Mining and 
Edward K. Dunham lectures for the National Institutes of Health, Pub- Metallurgical Engineers. The Society 
e of N promotion of medical sciences, at lic Health Service, will hold a Sym- of Economie Geologists met jointly 
ining )\ervard Medieal School, March 28 posium on Water and Electrolyte with the Institute. Members of the 
ic coureiimga 30, and April 1. His subject Metabolism in Cardiac Edema at U. §S. Section of the Pan-American 
radicig itm! be ‘(The Cerebral Cortex of Hotel Haddon Hall, Atlantic City, on [Institute of Mining Engineering and 
ly 1, Juyflmn.’’ The lectures, to which all in- April 30. E, Cowles Andrus, of Bal- Geology gathered informally for lunch- 
Septem ested professional persons are in- timore, is chairman of the section. eon, but arranged no special program. 
ants wil d, will be held at 5:00 p.m. at Those who expect to attend should William E. Wrather, treasurer of the 
, and » Harvard Medical School Amphi- communicate with Eleanor M. K. AAAS, who has served the Institute as 


ina, 


prior ymmeater, Building D. Darby, Executive Secretary, National president during the past year and 
‘ional jy Institutes of Health, Bethesda, Mary- acted as presiding officer at general 


conference on Mathematical Jand. sessions and business and directors’ 
pdels in the Social Sciences, under meetings, relinquished the post to L. 
joint sponsorship of the Depart- The American Institute of Chemi- , Young, incoming president for 1949. 
nt of Mathematics and the Labo- cal Engineers will hold its regional wy o..+q A. Meyerhoff, administrative 
ory of Social Relations of Harvard meeting May 9-11 at the Mayo Hotel, .orotary of the AAAS. took office as 
iversity, will be held March 28 Tulsa, Oklahoma. The program in- : 
29, at 4 p.m. and 8 p.m., in Em- cludes four symposia on primary en- 
m Hall, Room D, Harvard Uni- ergy, chemicals from petroleum, oil 


ed frog 


- 


1an, Spe 
Ridge lp 
P. 0, Bor 


chairman of the Industrial Minerals 


an’s sun Division for the year 1949. 


nt ao 2 OE ERE ERS 


A record crowd divided its attention 


gene sity. Speakers will be N. Rash- and gas production, and chemical en- among 60 technical sessions, divisional Z 
will j ky, University of Chicago ; John gineering economics, Additional in- lansheoms, and social. fauctions,. and : 
Thivesnim Neumann, Institute for Ad- formation may be obtained from } org speeches by Governor Earl War- : 
periment ced Study ; and Norbert Wiener, Ciitton Frye, mpamay apeTtnees, von et the Al tamitete tabebe: and : 
on, pssachusetts Institute of Technol- Stenotind Oil and Gas Company, by Robert Gordon Sproul, president ; 
nell Uni rule. of the University of California, at the : 


tum El annual banquet. Noteworthy among 


The American Mathematical So- David J. Finney, lecturer on_ the 
ty will hold its 445th meeting April design and analysis of scientific ex- 


stitute (> at Duke University, Durham, periment, University of Oxford, will 
s of th 


ulv the sessions were symposia on national! 


mineral policy and atomic mineral de- 


‘ : Sie ; ; as oe yosits. None of the technological de- 
rth Carolina. Sessions will be held give three lectures on ‘‘Statistical F 8 


- * ME Rooms 114 and 117, Physies Build- Prineiples of Biological Assay’’ at 
nd, Car 
it Deve in the lobby of the Men’s Union, Graduate School. The lectures, spon- 
me Pa st Campus. Hotel reservations sored by the Department of Mathe- 
Fie uld be made directly with the matics and Statistics, will be held 
informs els. June 3, 6, and 7 from 4:00 to 5: 30 
m £, | p-m. in the Jefferson Memorial Audi- 
ment “HThe Association of Geology torium, South Agriculture Building, 
gan, Au achers will hold its ninth annual Washington, D, C. The publie is in- 

eting April 22-23 at Rosenwald yited. 

I], University of Chicago. The 
Memon bgram includes the presentation of The Genetical Society of Great 
aine, “MMpers on geological education and Britain will hold its 100th meeting 
nt tril Md excursions. Nonmembers wish- June 30—July 1, in Cambridge. Guest ee ve ners 


gust MMB to attend should communicate speakers will review the early days of Stanly A. Easton, William Wraith, 
and Eugene MedAuliffe. Prizes and 


velopments which make the mining and 
; : : ea ; metallurgical professions dynamic was 
Registration headquarters will the U. 8. Department of Agriculture 6 , 

neglected, but programs and papers 
dealing with economics in the Indus- 
trial Minerals, Petroleum, and Coal 


Divisions gave clear indication that 


Reese FOr ewe 


even the experts recognize that tech- 
nology is not enough, and that the 
engineer must broaden his horizon to 
embrace the remotest economic factors 
which affect his operations. 

The engineers honored distinguished 
colleagues, awarding medals to Harry 


jurses “Miith Katherine F. Greacen, Secre- genetics and demonstrate genetical 
ies, “ERY, Department of Geology, Mil- work now in progress in Great Brit- other awards for research went to M. 
rth or" Miukee-Downer College, Milwaukee. ain, All geneticists are cordially in- Tenenbaum, E. A. Gulbransen, and 
irollmet! vited. Details may be obtained from J- W- Hickman (posthumously), John 
o be & ale University’s Silliman Me- the secretaries, G. Pontecorvo, De- D. Saussaman, and Robert L. Hoss. 
ship fMrial Lectures are being delivered partment of Genetics, The University, Little time was allotted to field Activi- 
Purthe 8 _ by Ross G. Harrison, diree- Glasgow, W. 2., and H. G. Callan. ties, but the visiting engineers were 
writitt emeritus of the University’s Os- [nstitute of Animal Geneties, The given a courtesy flight over the San 
Studer" Zoological Laboratory. The University, Edinburgh 9. Francisco Bay area by Pan American 
wry, Be Jeet of the six leetures is ‘‘Or- Airways. 
ns wi Mmization and Development of the Mining Engineers in San Fran- Plans for 1949 were laid in business 
bryo,’’ and the forthcoming four cisco. In celebration of the centenary sessions, and a regional meeting was 
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announced for September in Colum- 
bus, Ohio. The next annual meeting 
will be held at New York, in February, 


1950. 
Howarp A. MEYERHOFF 


Deaths 


W. Reid Blair, 74, zoologist, died 
March 1 in New York City of a heart 
attack. Dr. Blair retired in 1940 as 
director of the New York Zoological 
Society’s Bronx Zoo, where he had 
served for 32 years. 


Theodore M. Focke, 78, former 
dean of Case Institute of Technology, 
died March 2 in Cleveland, Ohio. A 
Case faculty member for nearly 52 
years, Dr. Focke was appointed pro- 
fessor of mathematics in 1908 and was 
dean of the Institute from 1918 until 
his retirement in 1944, 


Leon Hastings Cornwall, 62, neu- 
rologist and member of the faculty at 
the College of Physicians and Sur- 
geons, Columbia University, died at 
White Plains, New York on March 4. 


Franklin S. Newell, 77, gynocolo- 
gist and professor emeritus of clinical 
obstetrics at Harvard Medical School, 
died in Boston Mareh 4. 


Edwin H. Colpitts, 77, electrical en- 
gineer, died March 6 in East Orange, 
New Jersey. Dr. Colpitts played a 
major part in the development of tele- 
phone and radio communication and 
in the establishment of trans-Atlantic 
telephone service. 





New Yorkers were flocking to the 
beach just about three months early 
when the New York Botanical Gar- 
den’s “Plants Beside the 
Sea,” opened March 21, at the Inter- 
national Flower Show, Grand Central 
the characteristic 
plants of North 
America, which have adapted them- 


exhibit, 


” 


Palace. Showing 


northeast coastal 
selves to wind, salt, and sand, the 
Botanical Garden’s presentation will 
include a miniature beach, replete 
with seaside cottage, cliffs, lapping 
waves, and sandy shoreline, as well 
as grass, heather, pines, and other 
plants found near the ocean. This 
month’s issue of the Botanical Gar- 
den’s Journal carries an article list- 
ing more than 100 seacoast flowers 
—‘‘Wild Flowers of Our Coastal 
Lands,’’ by E. J. Alexander. Single 
copies may be ordered for 15 cents 


from the Botanical Garden, Bronx 
Park, New York City 58. 


The American Museum of Atomic 
Energy was opened to the public on 
March 19, when the gates to the city 
of Oak Ridge were removed. The ex- 
hibit is the first step in a broad pro- 
gram of public education in the field 
of atomic energy taken by the Oak 
Ridge Institute of Nuclear Studies, 
which heretofore has confined its ac- 
tivities to highly specialized research 
and training in the nuclear sciences. 
The ‘‘Man and the Atom’’ show, 
originally presented at the New York 
City Golden Jubilee last summer, forms 
the nucleus of the Museum. A staff 
is being assembled under the direction 
of David Lloyd DeJarnette, who has 
taken a year’s leave of absence from 
his post as curator of the Alabama 
Museum of Natural History for the 
purpose. Admission fees will be used 
to expand and improve the exhibits. 


Scholars from overseas who visit 
Boston are invited to visit the Ameri- 
can Academy of Arts and Sciences, 
28 Newbury Street, Boston 16, Mas- 
sachusetts, The staff of the Acad- 
emy will be glad to arrange travel 
and hotel accommodations and intro- 
duetions to scholars and institutions 
in the Boston district, Mail and tele- 
phone ealls may also be received at 
the Academy. 


Harvard University’s Peabody 
Museum has announced the discovery 
of an engraved pebble believed to be 
the finest example of Aurignacian en- 
graving thus far discovered by ar- 
chaeologists. The pebble was found 
last during at 
La Colombiere rock-shelter, above the 


summer excavations 
Ain River in eastern France, in an 
occupation layer immediately overly- 
ing the terrace that contained the 
relics of the Upper Aurignacian pe- 
riod, which places its age at 20,000 
to 25,000 years. It limestone, 
about the size of a large potato, and 
covered on both upper and lower sur- 
faces with a number of engravings 
superimposed one over the other. Ar- 
chaeologists have outlined a rhinoc- 
eros, horse, ibex, bison, and deer, as 
well as other partially drawn ani- 
mals. They believe that the stone was 
used over and over again to insure 
good hunting. Excavations leading 


is 


to the discovery were made by } 
lam Movius, Jr., curator of ,, 
lithie archaeology, and Kirk Bry 
professor of physiography, of y 
vard University, with the agsis, 
of Louis Dupree and Carletoy » 
pont of Harvard, and §. ghq 
Judson, of the University of y 
consin. 


Water-tight tile walls are pox 
through the use of a dense yw 
graded mortar applied in well, 
joints, the Office of Technical gg 
ices of the Department of Comn 
reports. University of Minnesot;; 
searchers, who made the study w 
the OTS industrial program, exp 
sample tile wall sections to simi 
conditions of wind and rain to § 
the best ways to prevent wall lea 
during prolonged exposure, 1 
found that the bond between tile; 
mortar has key significance in 
water-resistance of a wall, ani 
more important than the kind of i 
used, A copy of the report, PBo% 
Water permeability of structural d 
tile facing walls, may be ordered f 
the Office of Teehnical Services, 
partment of Commerce, Washi 
25, D.C. The price is $1.00 and ch 
or money orders should be payabl: 
the Treasurer of the United State 


Make Plans for— 


Michigan Academy of Scim 
Arts, and Letters, March 31-Apn 
Wayne University, Detroit. 


2nd Symposium on _ Piast 
sponsored by the Navy Departmel 
Bureau of Ships and Office of \s 
Research, April 4-6, Brown Uniti 
sity, Providence, Rhode Island. 


Meeting of the Animal Dis 
Research Workers in The Sout 
States, April 7-8, Alabama Polyt 
nie Institute, Auburn. 


Crystallographic Society of As 
ica, fourth annual spring mes 
April 7-9, University of Michigil 
Ann Arbor. 


Eastern Psychological Ass 
tion, annual meeting, April 
Springfield, Massachusetts. 


Medical Library Association " 
nual meeting, April 10-14, Galves™ 
Texas. 





